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THE marked utility of current measurements during the progress of a dis- 
charge reaction has been emphasised by Joshi as a result of his detailed 
investigations on the decomposition of N,O in the silent electric dis- 
charge.® ® 7 § While in reactions accompanied by change in pressure, 
the time-variation of the discharge current affords an additional factor by 
which the progress of a reaction may be followed, in the case of reactions 
unattended by any such pressure variation, such as the combination of H, 
and Cl, and the decomposition of H,S, it is about the only criterion to indi- 
cate the progress of the reaction. Work on the decomposition of N,O in 
the silent electric discharge led Joshi to an important finding which has since 
been found to be valid in a large number of reactions studied in these labo- 
ratories, viz., (i) that every gas, compound or elemental, has a characteristic 
minimum potential, the threshold potential V,, near which the gas breaks 
down as a dielectric and which has to be exceeded in order to initiate the 
reaction in a compound gas; (ii) that i, the discharge current is a function 
of V—V,, where V is the applied potential; and (iii) the production of an 
intermediate or/and final product with an ‘electron affinity’ greater than 
the antecedent material should lead to a decrease of the corresponding current 
flowing through the system and vice versa.®: 1.74, 12 


In the H,-Cl, reaction under the silent electric discharge it was observed 
that the current decreases progressively.!*: 1° This appeared anomalous to 
Joshi who argued that since the electron affinity of the HCl molecule is 
considerably smaller than that of the Cl atom or molecule, a progressive 
increase in the discharge current should have occurred as the product HCl 
accumulated. Investigation of the system under an additional constraint, viz., 
irradiation, led Joshi to the finding that the threshold potential V,, for Cl, 
increased under light. This photo-increase in V,, for Cl, led Joshi to the 
anticipation and discovery of the Joshi-Effect, viz., an instantaneous and 
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reversible diminution of the discharge current on irradiating the system, 
since the discharge current depends on V-V,,.?°: 18 


The Effect was first observed in chlorine. Since then it has been found 
to occur in numerous other systems as well, e.g., Bro, I,, air, N. and O., both 
in these laboratories and elsewhere.” 2? 76 


It was at first thought, however, that while the Effect is considerable in 
Cl,, its magnitude in other gases, though not negligible, was quite small, 
viz., not larger than 7%.7!:% Detailed investigation of the influence of the 
various factors which control and determine the magnitude of the Joshi- 
Effect, such as gas pressure, temperature, applied potential, etc., has shown 
that, under optimum conditions, Cl, can give as high as 93% Joshi-Effect.* 
Similar work is in progress and a considerable amount of data has been 
accumulated in these laboratories in regard to other systems as well, e.g., 
O., HCl, I, and metallic vapours such as Hg, K, Na, etc.’ The réle of the 
wall-material of the ozonizer in relation to the Joshi-Effect has been studied 
in some detail by coating the annular wails of the ozonizer with various 
substances, such as KI+I, mixture, I,, P and S besides a number of inorganic 


9 


salts.4 °2 


The present paper reports the results of a fairly detailed investigation 
of the influence of (a) applied potential, (6) pressure of the gas, and (c) the 
nature of the material on the excited surfaces of the reaction vessel, on the 
production of the Joshi-Effect in air. The results are striking in that a large 
positive Joshi-Effect, as much as 675% photo-increase of the conductivity, 
has been observed, for the first time, in a gas other than Cl,. This fact 
coupled with the observation of a similar large negative Joshi-Effect, viz., 
100% in a non-halogen gas such as air discriminates the Joshi-Effect from the 
well-known Budde-Effect which is observed only in the halogens, especially 
in Cl,. The Joshi-Effect would appear to be a more widely occurrent pheno- 
menon and unlike the Budde-Effect which occurs in the neutral gas, is obser- 
ved in an electrically excited medium containing, besides neutral molecules, 
additional species of particles such as free electrons, positive and negative 
ions, excited molecules and atoms of the gas. The sharp reversal from 
positive to negative Joshi-Effect for but a very small rise in the applied poten- 
tial (vide infra) further emphasises the distinction between the two effects. 


EXPERIMENTAL 


The general set up of the apparatus and the electrical circuit are shown 
in Fig. 1. Air, carefully freed from dust particles, CO, and moisture by 
drawing it through a series of tubes filled with asbestos and glass wool, 
KOH and P.O, was admitted into the discharge tube of the type of a Siemens’ 
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ozonizer, i.e., two coaxial glass tubes sealed to each other by means of a ground 
glass joint. A system of three 200 watt bulbs was so mounted as to be able 
to irradiate transversely the entire length of the ozonizer. (For a detailed 
description of the apparatus including the electrical circuit and the experi- 
mental technique, cf., previous publications on the Joshi-Effect.) 


Single phase alternating potential of frequency 500 cycles per second 
was stepped up to the required kilovolts and applied to the ozonizer, the 
other terminal of the ozonizer being earthed. The discharge current flowing 
through the ozonizer was measured in terms of the deflections of a mirror 
galvanometer after double wave rectification. The galvanometer deflec- 
tions are correct to 0-5 of a division of the scale and are directly proportional 
to the discharge current. 

The general experimental procedure was as follows: Purified air was 
admitted into the ozonizer at the required pressure and subjected to various 
applied potentials, starting from values lower than V,, the threshold potential 
of the system. At each potential the current flowing through the system was 
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measured in terms of the galvanometer deflections; this is i;. The current 
under irradiation, j,, was noted by irradiating the ozonizer for a few seconds, 
Table I (a-j) contains some typical data for the production of the Joshi- 
Effect in purified air contained in a well-cleaned ozonizer at pressures in the 


TABLE | 


Potential variation of Joshi-Effect in Air at Different Pressures 


(a) Pressure of Air : 28 mm (b) Pressure of Air : 55mm 
i | 
kV . ie —Ai | —%4i kV dy. |. -Li —% hi 
' | | 
0°47 42 22 20 47-6 0°53 20 | 12 | 8 | 40-0 
0-53 88 58 30 | 8461 0-67 | 186 | 152 | 34 | 18-8 
0-67 208 156 By 25-0 0-80 236 | 284 | 52 | 1565 
0-80 350 292 58 16-6 0-93 512 | 430 82 | 16-0 
0-93 516 390 126 | 24-4 1-07 670 | 590 | 80 | 11+9 
1-07 690 560 | 130 | 188 1. 20 844 | > 72--; 8-5 
1 «20 900 786 14 | 12°47 5 1+33 1090 | 990. | 100 | 9-2 
i-83 | 1130 | 1030 | 100 | 8-8 1-47 | 1348 | 1250—|. 98 | 7.3 
1+47 1350 1250 | 100 74 1-60 1584 | 1486 98 6+2 
| | 
(c Pressure of Air : 81mm 
(d) Pressure of Air : 92 mm 
kV ip iy ~4i | -%4: | | | 
a } ay | -Li | —%Ai 
0+67 18 14 4 22-2 | } 
0-80 232 196 36 15+5 0+67 14 | 0 | 14 | 100 
0-93 850 766 84 9-9 0-80 | 94 60 | 34 | 36-2 
1-07 1080 980 | 100 | 93 0-93 | 550 | 490 60 | .10-9 
120 230 1070 160 | 13-0 1-07 1050 950 | 100 | 95 
1-33 | 1490 | 1320 | 170 | 6-7 1-20 | 1370 | 1270 | 100 73 
1-47 | 1630 | 1476 | 154 | Q-4 1-33. 1730 | 1690 40 2-3 
1-60 1830 1676 154 8-4 
(f) Pressure of Air : 140mm 
(ge) Pressure of Air : 109mm AV el & | Ai | Ar 
| | 
| ii . | | | 
\ dy a ai efi 0°75 6 | 30 +24 |+400 
| 0-77 44 64 | +20 |.+45+4 
0-80 | 140 | 146 | +6 44:3 
9-380 | 8 36 198 (+350 0-83 | 180 180 | 0 0 
0-93 470 426 —44 -9+ 0-85 | 27 270 0 0 
1-07 1160 1060 100 —8+6 0-88 400 390 -10 —2°5 
1-20 1570 1440 —130 —8°3 0-91 | 520 510 | —10 —1+9 
| 0-93 | 620 600 |» —20 362 
0-96 | 860 840 | —20 —2+4 
0-99 1290 1270 20 —}.3 
1-01 1430 1410 —20 | —1+4 
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TABLE [—(Contd.) 














(gz) Pressure of Air : 162 mm (h) Pressure of Air : 207 mm 
kV t Ss Ai Oi | 
kV . i, | -Or | -@4, 
1 { 
0-80 14 30 | +16 |+114 
0-83 40 57 +17 +42°5 2-00 6 6 | 0 | 0 
0-85 120 126 + 6 +6:0 2-13 390 222 78 | 26-0 
0-88 210 210 0 0 2°27 504 382 | 122 24-2 
0-91 290 290 0 0 2-40 918 740 | 178 | 19-4 
0-93 430 430 0 0 2-53 1186 994 | 192 | 16-2 
0-96 570 570 | 0 0 2-67 1510 1272 238 ; 158 
0-99 770 760 | —10 --1+3 2-80 1764 1552 212 12-0 
1-01 1080 1060 —20 -1-9 2-9 2030 | 1780 250 12-3 
1-04 1400 1380 —20 -1+4 } 
(i) Pressure of Air : 229mm (j) Pressure of Air : 258mm 
qi 
AV %s is, - Ai | —%i | 
AV ‘p 4) thew Li —%Li 
- meee | | 
2-60 26 .. |. 20 6. 23-1 
2-13 234 156 78 33-3 2°27 598 458 140 23-4 
2-27 566 438 128 22-1 2-40 1120 920 200 17-9 
2-40 1¢30 842- 188 18-3 2°53 1390 1160 230 16-6 
2-53 1270 - 1074 196 15+4 2-67 1610 1350 260 16-2 
2°67 1390 1270 120 8-6 2-80 1870 1570 300 16-0 
2-80 1820 1560 260 14-3 2-93 2070 1810 260 12-6 
2-93 2070 1800 270 13-0 i 
| 








range 28-258 mm. The Effect has been calculated both in terms of 
Ai (i.e., i, — ip) and also % Ai(ie., a x 100). 
D 
The influence of the nature of the wall surface on the magnitude of the 
Joshi-Effect was studied .by giving a thin, uniform coat on the annular wall 
of the ozonizer, of the following substances; KCl, BaCl,, HgCl, and NaOH 
and observing the alteration produced in the magnitude of the Joshi-Effect 
for the corresponding potentials at the various pressures of the gas. Some 
typical data obtained in the above experiments are presented in Tables II-V 
(of., Figs. 2-5). 
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TABLE IV 





Influence of Wall-material on the Potential Variation of Joshi-Effect 
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(a) KCI film 
| | 
7b | I — Bi 
| 
6 | 2 4 
16 6 10 
26 | 12 14 
52 | 30 22 
98 | 52 46 
210 | 130 80 
320 | 192 128 
452 | 324 128 
510 | 420 90 
548 | 468 80 
640 563 77 
664 610 54 
720 | 670 50 
780 | 740 40 
840 | 800 40 
| 
(c) HgCl, film 
r “— 
ip | te: ee Li 
| { 
2 12 +10 
24 12 | +10 
54 54 | 0 
60 | 60 0 
150 | 150 | 0 
320 | 270 | 50 
446 | 368 78 
566 | 470 96 
666 57 96 
77 | 646 128 
858 732 126 
940 | 802 138 
1032 | 918 114 
1182. | 1080 102 
1284 1 92 92 
1362 -| 1280 82 
1474 1392 82 
1666 | 1498 68 
1706 | 1650 56 
1830 | 17386 44 
2002 | 1954 48 
| 





Pressure of Air : 
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109 mm. 
(6) BaCl, film 
| 
kV ip iy =| — 4 | —%Os 
SERIE Sean Gane 
0-75 20 | Ww 5 40-0 
0+77 46 | 26 20 «43-5 
0+80 174 | 100 14 | 4265 
0-83 352 | 296 126 | 354 
0+85 478 | 399 156 32-4 
0-88 556 | 396 160 28.8 
0-9) 656 | 452 204031 
0-93 722 554 18S | 2343 
0-96 812 632 180 29-2 
0-99 910 | 744 166 | 18-2 
1-01 1020 | 850 | 170 | 16-7 
1-04 | 1142 | 972 170 | 149 
1-07 1290 1114 176 | 13-6 
1-09 | 1434 | 1260 174 | 12] 
1-12 | 1632 | 1442 180 | 1166 
1-15 | 1862 | 1674 188 | 10-1 
(d@) NaOH film 

kV ip aL + Lis| —%Si 
0-72 12 8 4 33-3 
0-75 38 28 10 26-3 
0-77 88 62 26 29-5 
0-80 310 256 54 17+4 
0-83 490 430 60 12-3 
0-85 588 518 70 11:9 
0-88 680 606 74 10-9 
0-91 750 676 74 9-9 
0-93 842 772 70 8-3 
0-96 934 874 60 6-4 
0-99 968 936 32 3-3 
1-01 1006 988 18 1+8 
1-04 | 1056 | 1040 16 1-5 
1-07 1116 | 1096 20 1:8 
1-09 | 1156 | 1136 2 1-7 
1-12 1232 | 1212 20 1-6 
1+15 1320 | 1302 18 1+4 
1-17 1412 | 1396 16 1-1 
1:20 | 1560 | 1530 30 1-9 
1-23 | 1750 | 17%0 40 2-3 
1-25 | 1980. | 1940 40 2-0 
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0-99 
1-01 
1-04 
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1-09 
1-12 
1-15 
1+17 
1-20 
1+23 














(a) KCI film 
ip ie —4i 
4 0 4 
20 0 20 
38 0 38 
72 8 64 
112 20 92 
1¢2 42 150 
368 102 266 
526 180 346 
666 288 378 
746 370 376 
820 460 360 
$04 564 340 
1006 660 346 
1120 7h4 366 
1176 754 422 
1400 980 420 
(c) HgCl, film 
de | i, | —Oi 
i mg 
, | 
6 | 32 | + 26 
8 | 62 | + 54 
656 | 536 | 120 
798 | 672 | 126 
904 | 1774 130 
984 | 862 122 
1062 | 948 |. a4 
1170 | 1050 120 
1280 | 21168 1}2- 
1400 | 1200 | “110 











TABLE V 


kV 


0-83 
0-85 
0-88 
0-91 
0-93 
0-96 
0-99 
1-01 
1-04 
1-07 
1-09 
1-12 
1-15 


kV 


0-83 
0-85 
0-88 
0-91 
0-93 
0-96 
0-99 
1-01 
1°04 
1-07 
1°09 
i-12 
1+15 
‘1-17 
1-20 
1°23 
1-25 


(b) BaCl, film 


Pressure of Air : 140 mm. 


. 
| 


7p | 


66 
174 
380 
544 
660 
750 
846 
982 

1110 
1294 
1486 
1720 
1942 


(d) NaOH fi 


7p | 


12 
18 
58 


306 | 


540 
668 
780 
882 
930 
1020 
1120 


1330 
1440 
1605 
1780 


1214 | 


1990, 


aL 


32 
90 
222 
354 
460 
540 
536 
766 
876 
1060 
1248 
1454 
1680 


12 
16 
44 
256 
488 
612 
724 
830 
892 
996 
1096 
1190 
1302 
1406 
1564 
1734 
1930 
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34 
84 


190 
200 
210 
310 
216 
234 
234 
238 
266 
262 


24 


3t 
41 
46 
60 
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Influence of Wall-material on the Potential Variation of Joshi-Effect 
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APPLIED POTENTIAL IN kV 
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—90+ FIG.2 (Cf TABLE Il) 
INFLUENCE OF WALL MATERIAL ON THE 
POTENTIAL-VARIATION OF JOSHI-EFFECT 
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DISCUSSION 


Earlier work on the Joshi-Effect in Cl, and other gases has led to the 
following broad conclusions, viz., (i) the Effect increases with the intensity 
and frequency of the light used for irradiating the ozonizer,! (ii) rise in gas 
pressure and temperature diminishes the magnitude of the Effect while an 
increase in the applied potential and frequency of the A.C. supply as also 
of the external radiation increases it.4 2% Joshi and Deo™ studying the 
influence of intensity and frequency of light on the Joshi-Effect report that 
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FIG.3 (cf TABLE II) 
INFLUENCE OF WALL MATERIAL 


ON THE POTENTIAL-VARIATION OF JOSHI-EFFECT 
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within a restricted range and at a given potential, — Ai (i.e., i, — ip) 
numerically increases to a maximum with decrease of pressure. A similar 
limiting effect was obtained with increase of applied potential at constant 
pressure. 


An examination of the data presented in Table I (a-j) for the potential 
variation of the Joshi-Effect in air at different pressures shows that, in general, 
in accordance with earlier results, the magnitude of the Joshi-Effect expressed 


both as —Ai and — %Aji, decreases as the gas pressure increases, the 
applied potential being kept constant. For example, at 0-93 kV, 

Pressure of air in mm. .. 28 55 81 92 109 140 162 

—Ai tis 126 82 84 60 44 20 0 

—% Ai 24:4 16:0 9-9 10-9 9-4 3:2 0 

Contrary to the results obtained for Cl,**, in the case of air, — Ai does not 


show any maximum as the pressure is varied from 28 mm. to 258mm, at 
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constant applied potential. These observations receive greater significance 
if viewed from the following standpoint. 


The importance of V,,, the threshold potential, as a characteristic pro- 
perty of the (electrically) excited system under investigation has been pointed 
out by Joshi. According to him, V,, in part, “corresponds to the energy of 
activation found chiefly from the temperature coefficient of a thermal 
reaction’; V,, is a sensibly linear function of pressure of the gas.” V,, may 
thus be called the electrical analogue of the thermal energy of activation 
and hence is as much a characteristic property of the system as the other, 
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idan Tae 
INFLUENCE OF WALL MATERIAL 
ON THE POTENTIAL-VARIATION OF 
JOSHI-EFFECT 
-100 — 
F1IG.5 (C#.TABLE V) 
© If, therefore, instead of comparing the magnitude of the Joshi-Effect for 
the various pressures of the gas at some arbitrarily chosen value of the 
- applied potential, one does so at what may be termed the “‘ Corresponding 
; potentials’, viz., at V,, or at a ‘reduced’ potential V,= hae, 3 where 
Wi 
l V is the actual applied potential (7, the current above V,, being determined, 
according to Joshi, by V—V,,), any inference drawn will have greater signi- 
) ficance. An examination of the data recorded in Table I from the above 


point of view supports the conclusion that — Aji to some extent and —%Aji 
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more pronouncedly, decrease (numerically) with increase of gas pressure, 


Thus, 
Gas pressureinmm. .. 28 55 81 92 109 140 162 
V,, iis 0-47 0:53 0:67 0-80 - ‘3 
—Ai + 20 8 4 34 0 0 0 
—Yp li mi 47:6 40:0 22:2 36:2 0 0 0 


Air at 109, 140 and 162mm. shows an apparently anomalous behaviour 
which is discussed later (vide infra). 


The above conception of “* corresponding potentials ” may be elaborated 
a little further. Deshmukh* seeks to compare the magnitude of the Joshi- 
Effect obtained in various gases such as Br,, O,, air, No, H, and Ne taken 
in the pressure range 25-35 mm. and subjected to the same applied potential, 
He is led to the conclusion that the Joshi-Effect in these gases varies in the 
order Br, >O, > air >N, >H,. It is known that these gases possess 
widely differing electron affinities and since, according to Joshi, V,, is partly 
determined by the electron affinity of the system,* V,, for these gases, even 
if they are taken at the same pressure, will have different values. Hence 
an arbitrarily chosen applied potential, though kept constant, will bear a 
different ratio to the V,, of each gas and cannot lead to as significant and 
strictly comparable conclusions as would be the case if the gases are sub- 


; —V, 

jected to their respective V,, or to any ‘reduced’ potential V, a Vv *, 
m 

in which case the gases will be in their “ corresponding states’ in respect 


of electrical excitation. 


A similar observation may be made with regard to the results of 
Hutchison and Hinshelwood®* who compared the relative stabilities of 
NH, and N.O in the electric discharge. They took NH; and N,O in two 
discharge tubes identical in point of dimensions, electrical constants, etc. 
They conclude that NH, is about five to seven times more stable than N,O 
in the electric discharge since the ionic impacts required to decompose NH; 
are considerably more violent than those required to decompose NO. They 
point out that this conclusion is supported by the fact that the thermal 
energy of activation is higher for NH, than for N,O. The same conclusion 
might have been reached, probably with a greater degree of validity, if the 
values of V,, for the two gases had been compared and the impacts consi- 
dered at the “corresponding potentials ”’. 


It is interesting to point out that a more or less similar idea has been 
made use of by Von Hippel®® who has studied the electric breakdown of 
solid dielectrics, He finds that the pre-breakdown current rises rapidly 
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with the field-strength. Referred to the same field-strength, the current 
sure, increases from LiF to RbI, but replotting of the data on a reduced scale 
B/E,,,.. Where E is the actual applied field-strength and E.,,,,. the break- 
162 down field-strength, makes the characteristics of the different alkali halide 
an crystals practically coincide.*t Thus the concept of the “ corresponding 
0 potentials” developed in this paper would appear to be an extension of the 
above idea of von Hippel’s, though it may be mentioned that the authors 
0 eat : ; 
; were unaware of von Hippel’s paper at the time they conceived the term 
viour “corresponding potentials’. A further application of the above concept 
of “ corresponding potentials ’’ to an explanation of the maximum produc- 
rated tion of — % Ai near V,, is indicated later. 
oshi« Another point that emerges from an examination of Table I is that for 
wee: any particular pressure of the gas, — % Ai (numerically) is always a maximum 
atial, at or near V,, and decreases continuously as the applied potential increases ; 
: the — Aji, on the other hand, rises to a maximum at some intermediate value of 
— the applied potential (cf, Joshi and Deo’s results*) and decreases there- 
artly after. That Joshi-Effect, both positive and negative, of such a large magni- 
“te tude occurs in visible light which is outside the absorption spectrum of air 
mee is also significant. 
ar a 
and That — %Ai should be a maximum near V,, would appear to follow 
sub- from the following considerations. 
Vm, V,, is the potential near which the gas breaks down as a dielectric and 
" allows the passage of a sudden, large though unsteady, current indicative 
ane of the abrupt transition of the gas from the insulating to the conducting or 
ionized state. Now if the applied potential is raised to V,, and then lowered 
| of to a value, only slightly smaller than V,,, the current will show a large, preci- 
of pitous fall, though, of course, this current will still be higher than it was at 
two the same potential previous to exposing the gas to V,,,, since, as is well known, 
etc, a gas once ionized at a higher potential does not give the same lower value 
N20 of the current at a lower potential as it did before its exposure to the higher 
NH; potential. Now when a gas, kept at V,, in the dark, is irradiated, it is equi- 
hey ff valent to reducing the applied potential below V,,, since according to Joshi, 
mal irradiation of the gas causes an increase in V,, of the system; this will result 
sion : in the gas reverting to the insulating state, producing thus a precipitous fall 
the in the current and hence a large photosuppression of the discharge current, 
nsi- ; viz., —°%Ai. Since uncer irradiation V,, is raised and consequently the 
effective applied potential, V—V,, is decreased, i which is governed by 
een V—V,, will decrease. For a simple system such as an elemental gas in the 
discharge space, as V is increased, V,, will bear to V a smaller and smaller 
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ratio, which will result in a continuous and progressive decrease in — % Ai 
from its maximum value at V,,.. On the other hand, since i increases fast 
with V, an increase in -- Ai may be anticipated upto a point. 


Some light is thrown on the mechanism that seems to operate in the 
production of the Joshi-Effect by the oscillographic studies of Joshi," ! 
on the structure of the discharge current. He finds that the current con- 
sists, in addition to the fundamental frequency of the A.C. supply, a large 
number of higher frequencies of varying strengths. On irradiation, the 
amplitudes of these higher frequencies are variously diminished or suppressed, 
thus producing the Joshi-Effect. That the high frequency component of 
the discharge current is the chief seat of the phenomenon has received corro-. 
boration from subsequent work in these laboratories.* ! 127) It would follow, 
therefore, that at V,,, proportionately high frequency currents preponderate 
and get less and less as the applied potential increases. 


The large values (e.g., 100°%) for the negative Joshi-Effect obtained in 
these experiments are in striking contrast to the low values, about 3% and 
less, obtained by Deshmukh* and K. V. Rao”’ for air at 28 mm. and 500 
cycles frequency of the A.C. supply. The much larger size of the ozonizer 
used in the present experiments probably accounts for the enhanced Effect. 
Another factor that may account for this discrepancy may be the difference 
in the mode of measuring the current. Deshmukh used a vacuo-junction 
and galvanometer while the present authors have used the copper oxide 
rectifier and galvanometer. That both —Ai and —%Ai vary with 
the nature of the current indicator employed is known.” The vacuo- 
junction has “‘a low capacity and inductance and a stable characteristic 
over a wide range of applied potential and frequency of the A.C. supply”. 
Hence any diminution or suppression of the high frequencies consequent 
on irradiating the ozonizer will result in the diminution of only a part of 
the total current as measured by the vacuo-junction. On the other hand, 
the copper oxide rectifier by its preferential response to the high frequency 
region of the supply current will show a much larger —°% Ai. Thus Prasad 
and Jain' found that — % Ai as observed with the vacuo-junction and with 
the diode was 37-3 and 68 respectively. 


Air at 109, 140 and 162 mm. shows a significant deviation from the 
hitherto observed behaviour at other pressures (cf., Table I, e, f and g), viz., 
at low applied potentials, a positive Joshi-Effect is obtained. This Effect, 
as large as 400% in the beginning, shows a rapid decline, becomes zero and 
subsequently gives the familiar negative Effect whose value, however, is low 
and not comparable to that obtained at the other pressures. A_ similar 
positive Effect was obtained, though not to this much extent, in the case of 
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NO,% and more especially in Cl, during the initial stages of ageing of the 
ozonizer”® and also in ozonizers whose walls were coated with various sub- 
stances.2. The positive Effect is obtained at applied potentials lower than 
V,, and it changes to zero near V,, and thence to the more familiar negative 
Effect. Thus, for example, at 140 mm., as the applied potential is raised 
from 0:75 to 0-83, Ai decreases from + 24 to 0 while % Ai decreases from 
+ 400 to 0. 


Influence of the Wall Material on the Potential Variation of 
Joshi-Effect 


That the walls of the discharge tube do not remain inactive components 
of the system but play an important and significant part in the production 
of the Joshi-Effect has been emphasised by Joshi.‘* Cheryan? has studied 
the variation in the magnitude of the Effect by coating the annular walls of 
the ozonizer with over 50 substances and obtained a series of results. It 
was of interest, therefore, to investigate the influence on the Joshi-Effect 
of films of KCl, BaCl,, HgCl, and NaOH deposited on the annular wall of 
the inner tube of the ozonizer. The results obtained are recorded in Tables 
II-V (cf., Figs. 2-5). 

It is seen that, in general, —- % Ai gets enhanced on account of the films 
given on the ozonizer wall. The increase (numerically) in the Joshi-Effect 
is found to be in the order, KCl> BaCl,> HgCl,> NaOH. An interest- 
ing observation is that while, at lower applied potentials, the Effect given 
by coated ozonizers is higher than in the “ blank” ozonizer, the reverse is 
the case at higher potentials. 


HgCl, presents certain anomalous features. While it produces defi- 
nitely an increase in — % Ai, the positive Effect that it shows at potentials 
lower than V,, occurs even at pressures at which the “ blank ” ozonizer gives 
only the usual negative Effect. The behaviour of the other three films, viz., 
KCl, BaCl, and NaOH is in marked contrast since they do not show any 
positive Effect even at those pressures for which the “ blank ”’ ozonizer gives 
such an Effect. In the cases where the “ blank ” ozonizer gives the positive 
Effect, the HgCl, film enhances the Effect; thus it raises it to as high as 
675% (cf., Table V). At the same time, the negative Effect also is found to be 
higher than that for the “‘blank”’’ ozonizer. It is again remarkable to observe 
the rapid and precipitous decline in the positive Joshi-Effect and its change- 
over to the familiar negative Effect. Thus, (e.g.) in Table IV, for the HgCl, 
film, for a change of only 0-03 kV in the range 0-77-0-80kV of applied 
potential, °4 Ai changes from + 500 to 0. This applies equally to the results 
returned in the other Tables I-IV. The following table summarises the 
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salient points regarding the influence of the films on the magnitude of the 
Joshi-Effect. 


Maximum % Ai (+ &—) obtained 




















Ozonizer 
Pressure in etal et 
mm. ee Oe ae ee ee em ree oe a way nm’ 
** Blank’’ KCI film BaCl. film HgC}. film NaOH film 
} 
28 —47-6 | jaa sel } x 
55 —40-0 —100 — 43-8 -- —38-5 
81 —22-2 — a —_— -- 
92 —100 —100 — 23-8 too & -—20-0 
109 +350 & —Q9-4 — 66-7 —43°-5 +500 & -—17-5 —33°+3 
140 +400 & —2°5 — 100 —51-5 +675 & -18-3 — 
162 +114 & —1-9 - — _ — 
207 — 26-0 — “= — -- 
229 — 33-3 + | _ _— } - 
258 | — 17-9 — — — | — 
{ u 








A significant observation was made during these experiments, viz., for 
any particular pressure of air, V,, was found to be lower and the current 
at a definite applied potential higher when the ozonizer was coated than 
otherwise. The exact manner in which films of various compounds on the 
walls of the ozonizer affect the Joshi-Effect is not yet clear. Despite the 
large number of films tried, Cheryan® could arrive at no significant classi- 
fication. In the present series of experiments also, while all the films employed 
are seen to accentuate the Joshi-Effect, the nature and magnitude of the 
Joshi-Effect seems to be dependent on the specific nature of the wall-material. 


Advancing a theory for the Effect, Joshi’’: “ assumes the formation of 
an activated electrode layer of the excited gas on the walls of the discharge 
tube; irradiation releases photoelectrons from this layer, which are captured 
by the excited atoms or molecules of the gas on account of their electron 
affinity enhanced by excitation, to form slow-moving negative ions resulting 
thus in a diminution of the discharge current. It is obvious that the work 
function of the wall-material will be an important factor, since the theory 
contemplates primarily the release of photoelectrons from the electrode layer. 
No data are, however, available for the work functions of the materials tried 
in the present series of experiments; but the fact that HgCl, has a molecular 
lattice while KCI and BaCl, possess an ionic lattice has probably significance 
for an understanding of the marked difference in their behaviour in regard 
to the production of the Joshi- Effect. 


In conclusion, the authors wish to express their grateful thanks to 
Professor S. S. Joshi, D.Sc. (London), F.R.LC., for suggesting the problem 
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and for kind interest and valuable criticism and guidance during the course 


of this work. 
SUMMARY 


The production and potential variation of the Joshi-Effect in air under 
silent electric discharge have been studied at eleven pressures in the range 
28-258 mm. The applied potential was varied in the range 0-47 to 2:93 kV 
by steps. Both the positive and negative Joshi-Effect of large magnitude, 
as high as 400% and 100% respectively in the case of the “* blank ” ozonizer 
and 675% and 100% respectively when the ozonizer was given a film of 
HgCl, on its inner annular wall, have been observed. In the pressure range 
studied, the Joshi-Effect expressed both as —Ai and —%Aji decreases 
numerically as the pressure increases; —%% Aji is found to be maximum near 
V,, Annular films of KCl, BaCl,, HgCl, and NaOH enhance the Joshi- 
Effect in the order KCl >BaCl, >HgCl, > NaOH. 


The rapid decline in the value of the positive Joshi-Effect, obtained at 
applied potentials less than V,, of the system, to zero at/near V,, and its 
change-over to the negative Effect is remarkable. The very pronounced 
values of the Joshi-Effect, both positive and negative, obtained in the present 
work is attributed to the large surface area due to the special ozonizer size 
and the selectivity of the copper oxide rectifier towards the high frequency 
components of the discharge current. 


A concept of “ corresponding potentials’ on the basis of which com- 
parison of the chemical and physical-chemical properties of gases under 
electrical activation may be made, has been advanced. It is suggested that 
gases subjected to their respective V,, or some “reduced” potential 

V—V P : . . , 
¥,= ” where V is the actual applied potential will be in “ correspond- 


Mm 
ing states’ and comparison of their properties under such electrical stress 
should yield significant results. It has been found possible to explain, 
inter alia, the production near V,, of maximum Joshi-Effect calculated as 
— % Ai making use of the above concept. 


> 
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J, BRILLOUIN ZONES 


It is well known that metals contain electrons, which are in some sense free 
to move. In quantum mechanics, the effect of one electron on all others 
can be averaged to a large extent, and one can treat such an electron as 
moving in the field of the positive ions and in the average field of the other 
electrons. The potential energy V of such an electron will be periodic with 
the period of the crystal lattice. The wave functions y of the electrons are 
solutions of the wave equation 


‘ 2m 
A'y + or (E—-V)¥=0. 
The solution! of this equation may be taken as 
ae 
hab Pi, Ta ‘- 
where u is also a periodic function with the period of the lattice. If nis a 
vector denoting one of the lattice points of the reciprocal lattice,* the dis- 


> > 
continuities in the energy occur, whenever (n - k)+4n?=0.} The reci- 
procal space, called the k-space, is thus divided up into zones by the planes? 
of energy discontinuity. These zones are called Brillouin zones. 


2. APPLICATION OF THE GROUP THEORY 


Let ,, x2....o, ben linearly independent characteristic solutions of 
the wave equation appropriate to a certain characteristic value E. These 





> > . . . . . . 
* If a,, a, are the basis vectors in the original lattice, the vectors given by the equations 


(a, b) = 27 3,/, where 5, = 0 (i j) and 1 (i =/), are the basis vectors in the reciprocal 
lattice. 

+ In the case of structures whenever the structure factor vanishes for any plane, the corres- 
ponding plane ceases to be a plane of energy discontinuity, 
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define a representation of the sp2ce group. Since the translations are com- 
mutable, the representative matrices in the above representation can be 
assumed, without loss of generality, to have the diagonal form so that 
> 
i k-a,) 
a 


w, (r = 1, 2....n) is merely multiplied by the constant factors e nd 


>> 

e G45) if a displacement by the two elementary identity periods is made. 
ae 

The vector k, is called the reduced wave number vector corresponding to 

%, in the above representation, and is periodic in the reciprocal lattice, 


k is said to be invariant under a symmetry operation, wherever it goes over 
into itself or into an equivalent vector by means of the symmetry operation, 
Wigner® has shown that when a wave vector is invariant by some of the 
symmetry operations of the group, there will be sticking of two or more 
Brillovin zones along that vector. Thus by taking symmetry elements such 
as rotations and reflections also into account, more features of the consti- 
tution of Brillouin zones can be brought into eviderce. Such results 
have been obtained by Wigner for the lattices coming under the cubic 
system. It is proposed to extend this work to all types of plare and spzce 
lattices. The present paper deals with the results obtained by the authors 
for the two-dimensional lattices. The Terminology adopted for describing 
these lattices is the same as that given in a recent publication by Bhagavantam 
and Venkatarayudu.* . 
3. TETRAGONAL LATTICE 


In this system the unit cell is a square (i.e.) in the standard notation 
T, =T, and y = 90°. The direct lattice can be taken as (a, 0) and (0, a). 


The basis vectors in the reciprocal lattice are (Z. 0) and (0, =); and these 
are also the primitive periods in the reciprocal lattice. The first Brillouin 
Zone* is bounded by the St. lines 
— 7 ane Tv 
ek and y= > 


The symmetry elements of the reciprocal lattice are E, 2C,, Co, 2Cs, 2C’s, 
i, 254, 0,, 20, and 20’,. The wave vectors,t which have got some symmetry, 
are I’, A, 2, X, M and a (Fig. 1). In Table I, the characters of the small 





* In all the five figures, the thick lines indicate the direct lattice, while the broken lines indicate 


> 
the reciprocal lattice. If r is a lattice point in the reciprocal lattice, the smallest closed figure 
formed by the perpendicular bisectors of the lines joining the origin to the lattice points is the 
{1:1 Brillouin zone. This is indicated by thin lines. 


+ The symbols used in one system have nothing to do with those used in a different system. 
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representations of the vectors A, a and 2 are given. Similarly the symbols 
in the first column of each Table of characters denote the points for which 


characters of the small representations are given. 
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TABLE | 
4,a E C, ch Cy 
b E C,’ Ch Cy 
(p’) F C2 | & oy 
| 1 1 | 1 | 1 
| l -1 | 1 | -1 
mr’ -1 | | | 1 
| 
] | 1 ; —l | | 
| | | 
TABLE 11 
| | i, 
X, (X*) E | Ca Co Cy 2 oy Fy Ch 
” | . Cc,’ | C,’ Cy i oy oy" oh 


| i net Bb 


—>___—_—_—__- a 


ee ee 
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TABLE III 
| | 
I’. ™M . c | 2C4 2C. Zoe" | i oh 254 207, | Qu,’ 
| 

l l 1 l l 1 1 1 l I 
l l I -] —|] l l I | -!] 
| l —| l —I 1 \ —! l —] 
| l —1 —| l 1 l —I —| l 
2 —2 v 0 0 2 —? 0 0 0 
l l 1 J ] —!] —]) —! = =] 
| ] l -1 l —l —t! —J l l 
l I al ; = —} —1 l = l 
{ l = —1 l = —1 1 I =| 
9 ry 


fABLE IV. Compatability rélutions between I, X, A and (8) 











| | | | 
I’; Pa | F's ré J T's iS ee -|- Iz | I's I's | Py 
| | | 
Rena ely Et Yrs TERA | | | 
Th MS A+ ei 1 Ss 24 we A -3a--|- Ze | Be Nid: 
O1 a | ay | A, B;44 4, 4, | Ag 4; O,4, 
| | 3 
| | 
P1 Pe | P Ba Bs Be By | Be B; Bs 








TABLE V. Compatability relations between X, A, a and (’) 








l l ] \ 

X; | Xz X; | X4 | X5 X¢ l Xy X, 
( ! or “ 

A A. | A, A, Ne An A, A, 

a, a4 a; a a4 | a, | cry a; 

pa | Bs" | B’ Ba pa’ | |g Bs’ By 


[ne points enclosed by the brackets as 8’ in Table I, etc., are significant 
in the three dimensional case only and they will be dealt with in Part Il. 
The compatability relations between M, 2, a and T are the same as those 
between I", Z A and 8 (Table IV). 


A Brillouin Zone here is thus characterised by the six symbols I’, A. 
2», X, M and a. Not all the combinations of the symbols. correspond to 
possible Brillouin zones. The compatability relations actually reduce the 
number of possible types of Brillouin zones. As an example, let us consider 
the two Brillouin zones, which stick together at the origin having for this 
wave vector the representation I’;. These two will be separated along the 
two-fold axes having there the representations A;, A, and 33, 24. Let ws 
choose A; and 2, respectively. This goes with X, or X, (Table V). We 
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shall choose X_. This then requires a,. For M, we still have the choice 
between M, and Mg. Let us take M;. Hence its whole symbol is I"; A; 
5,X. Ms; %.- 
4. ORTHORHOMBIC LATTICE 
The unit cell in this system is a rectangle (i.e.,) in the standard notation 
T,#T, and y = 90°. The direct lattice can be taken as (a, 0) and (0, 5). 


The unit vectors in the reciprocal lattice are (=. 0) and (0, +) The first 
Brillouin zone is bounded by the st. lires x = + and y= + EF 


The symmetry elements of the reciprocal! lattice are E, C,, C,, C,, i, o,, 9, 
ando,. The wave vectors, which have got some symmetry, are indicated in 
Fig. 2 and the corresponding characters of the small representations are 
given in Tahles VI and VII. 
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TABLE VI 
= — ee — —_ —_ —EE — he 
Ba, YM | E Cx Cy, ( i vy o, g 
nf 
] J ] l 1 ] I ] 
] l nao —1 ] 1 —! —1 
1 1 1 —l } —! 1 —! 
1 —) —! 1 l —1l | l 
1 1 l 1 —] —l owl =e 
1 1 —l --l —] —l 1 1 
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TABLE VII 
B. A EK | vy Co: Cy 
a. 6 E } Cx | c, Cy 
(>) | yz Te | Gy | Ce 
| 
1 | l l 1 
1 | wit 1 wl 
» | 1 —1 l 
l l =a mei 





L 





TABLE VIII.- Compatability relations between I’. A, (Z) and 8 








I 1 ] 2 I | I + rs | I's | ry rr; 
4, ran 4, 4s 4; 4, 4, 4, 
Par bi Zz z=3 z=3 zz 24 pS 
5, 5, 5, 5, 3, 5, 5 5, 





The compatability relations between X, A, a; and y, B, 8 are identical 
with those between I”, A, 8 as given in the above Table. 


5. HEXAGONAL LATTICE 


The unit cell in the direct lattice is a rhombus, whose angle is equal to 

120° (i.e.,) T, = T, and y = 120°. The direct lattice* can be taken as (a, 0) 
/ 

and (- 5: ¥? a), where a is the side of the rhombus. The unit vectors 


2 
in the reciprocal lattice are (= * and (0, wa) The first Brillovin 


4n 


: 2n ‘ 
zone is formed by the st. lines y= + 3a and y+ Y3x=+ V3a 


The symmetry elements of the reciprocal lattice are E, 2C,, 2C3, C2, 3Cy 
3c'g, i, 25g, 253, 04, 30, and 30’,. The wave vectors having some symmetty 
are I', A, 2, X, M and a (Fig. 3). Tables IX to XII give characters of the 
small representations. 








* In this and in the following systems, the basis vectors will be referred to rectangula} 
co-ordinate axes, 
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Pong ™* 
aa — vi 
5 Fic. 3 
ondiea TABLE IX 
Is a ES Ue Ue * cei sith) ay 
xX) E | 2Cg | 8Cyg | - of 25, | ay’ 
(B) | E 2C3 | 3c, | Ce 2Cg | 3ay’ 
d, oe y ed 
| | | 
om | 3 . fae l 1 
[| me $F :s eo $ | a. 
5, 2 | —l | 0 2 —1 
l ee ae —1 | -1 
l l —1 | -1 et 
e _ | { —2 
identical ’ et Badal (io. a ee. 
TABLE X 
4, a E Co ch Cy. 
S E | ¢,’ oh oy 
>qual to 6 k PGs Cy Ge," 
as (a, 0) J ! | spa 
| . 2 
vectors ‘ , 
1 -1 | =] 1 
yore 
rillovin l -l1 | 2 -1 
| 
1 l -1 -1 
; 
TABLE XI 
C2, 3C,, a 
mmietly M E a < et 4 oy oh Ge’ 
of the | | | 
l l l 1 l l 1 l 
Pont® l =f os 1 1 -1 =} 
tangulay 1 -1 l -1 1 -1 1 -1 
1 1 -1 l l -1 #3 1 
I l l l -1 -1 -1 i 
1 l —3 a | -1 -1 1 l 
l -1 l =] -1 l ~1 1 
l -| -1 l -1 l ] -} 
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TABLE XII 
I FEF | Ca | 2C, 2C, | 3C, | SC.” i oc) 25, | 25g | 3¢y | Sez 
l l 1 l l l l l l 1 l 1 
l 1 l 1 | -3 | -1 l l A | -1 | -1 
1 | -1 1 | -1 1 | -1 1 | -1 1 | -1 > i ~% 
1 | -1 hj} -) | -1 l 1 | -1 a | —t | 3 1 
2 2 |-1 | -1 0 0 2 2 |-1 | -1 0 0 
2|-2/| -1 l 0 0 2|-2 | -1 1 0 0 
l l l l l ry} -2 | =U | -2 | -1 | =2 | -1 
l l l bj —-) | <1 | <2 | -1 | -2 | -1 l N 
1 | -1 1 | =1 1 -1 | -1 1 | -l 1 | -1 1 
1 | -1 } | -1 | -1 1 | -1 1 | -1 l 1 | -1 
2 2 —] -1 0 0 —2 —2 1 ] 0 0 
2 | -2 | -1 l 0 0-2 2 1-1 0 
TABLE XIII. Compatability relations between T,X, A and (B) 
Yio t 1. at oe ic temo 
Is I"2 I B's I's L's | I; | I's | I's | Io Ps | "he 
~ rs ete TERED TD GEER. EES 
21 =: =2 y4 21=3 z2r4 z4 =3 | 21 | z224 | 2123 
: | 
Ay Qs, A, dA, Dds! O44) A, B, | Ss | S242! 4.4 
P1 B By Ps Bs Bo Be Bs | P4 | Bs: | Be 
TABLE XIV. Compatability relations between M, 2, a and (8) 
M, M, M, | My M; et oh tm: 
| 
2 =: 2: 24 S4 =3 2 =} 
1 a4 a; a2 a, a, a, a, 
5, 3, 5, 3, 54 3, 3, 5 





TABLE XV. Compatability relations between X, ¢, 


X, X2 
a, a 

44 4s 
wy Wy 


6. 


The unit cell in the direct lattice is a parallelogram whose angle is not 
equal to 90° (i.e.,) T, + T, and y+ 90°, The direct lattice may be taken 


nl 





X:, X4 | X5 X¢ 
aa; a, a, aa, 
4,4; ay 4, 444 
@3 We Wy @3 


MONOCLINIC LATTICE 
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as (a, 0) and (b,, b,).. The unit vectors in the reciprocal lattice are(~, ~ =) 
2 


). The first Brillouin zore is formed by the st. lines 5, y + by 


and (0, is 
1. (b,?+ b,*) 
2 ab, 
b,?+ by2> or < abs. 

The symmetry elements of the reciprocal lattice are E, C., iando,. The 
wave vectors having some symmetry are I’ and any point Lin the symmetry 
plane (Fig. 4). Table XVI gives the characters of the small representations 
of I’. L is either symmetric or antisymmetric with respect to o;,. 


; 7 27 : 
x and either y= + b or x=+ = according as 
2 





Fic. 4 
TABLE XVI 


] -1 -1 1 


From this it can be easily seen that four zones are touching at the origin, 
while at any other point in the plane only two zones meet. 
7. ORTHORHOMBIC DERIVED LATTICE 


The unit cell in the direct lattice is a fRombus, whose angle is neither 
equal to 90° nor 120° (i.e.,) T, = T, and v 90°, 120°. The direct lattice 


can be taken as (5. >) and (5 _ >) 
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The unit vectors in the reciprocal latticé are (4 - and (7. - tf). 


The first Brillouin zone is formed by drawing the perpendicular bisectors 
2a 


of the lines joining the origin to the lattice points (+, + b and 


either (+ = 0) or (0. ao =) according a>b ora<b. 








Fic. § 





The symmetry elements of the reciprocal lattice are E, C,, C,, C,, i, 9, 
a, and o,. The wave vectors having some symmetry are I, A, X, Y, M 
and L (Fig. 5). The characters of the small representations for the points 
I’ and X may be taken from Table VI, while for the rest of the points they 


are given in Table XVII. 
TABLE XVII 


A E Ge ey 
Y,M E Cy ox 
L E Cz i 
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[ TABLE XVIII. Compatability relations between I", A, ¥ and (I) 
oar pe eae It titers ata 2 i. tac, oat aft 
’ | ’ Y | ’ | y 7 
Lr; | I 2 | 3 | I 4 | 5 I 6 i I 7 I's 
| } | 
_——- Solio! 
Oo) 4, a4 | 4, A; 4, 4, | ay 
Y; Y4 Ys | Yo Ya Yo Yi | Ya 
ay lr, Pr.’ | Me. 3) BS Bai. ‘io in &F 


The authors’ thanks are due to Prof. S. Bhagavanthem for his keen 
interest in this work. 





8. SUMMARY 


The symmetry properties of the wave vectors, ard the sticking of 
Brillouin zones for all the two-dimensional lattices are descrited here in 


detail. 
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1. INTRODUCTION 


=> «& > 5 . P ss r 
IF a, a2, a3 are the basis vectors in a crystal lattice, the reciprocal lattice is 


> oe 
defined by the vectors 4,, be, bs which are obtained frcm the equations 


> > z 2 z 
(a;'b;) = 278/. It is well known that the energy E of an electron in the 
original lattice can be given as a function of a vector k in the reciprocal lattice, 
and that E is discontinuous along the planes given by the equation 


> > 
(n+ k) + 4n?=0. 

The reciprocal space K is thus divided up by these planes into zones which 
are called Brillouin zones, and E is assumed to be continuous in each zone. 
However, by taking other elements of symmetry like rotations and reflec- 
tions Wigner showed that E is actually not continuous in a Brillouin zone 
defined as above. Whenever a wave vector k remains invariant by some 
symmetry operation, E is shown to be discontinuous. The K-space is there- 
fore further divided up into zones in each of which E is continuous and is 
a distinct function of k. Two or more such zones meet along a wave vector 
k, which has some symmetry. The actual number of zones that meet at 
k depends on the symmetry of the vector k. But from whichever zone 
we approach this vector k, E will have the same value. Wigner called this 
‘the sticking of Brillovin zones’’ for the wave vector k. The symmetry 
properties of the wave vectors and the sticking of Brillouin zones for the 
two dimensional lattices were considered in Part I.1_ We extend here these 
results to the three-dimensioral lattices. Results in respect cf tke cubic 
system have been already given by Wigrer.? 


2. SIMPLE TETRAGONAL LATTICE 


We consider first the simple tetragonal lattice. The unit vectors in the . 
direct lattice can te tcken es (a, 0, 0), (0, a, 0) and (0, 0, c). The primitive 
148 
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translations in the reciprocal lattice are (2. 0, 0), (0. = 0) and (0. 0, r), 


The first Brillouin zone is formed by the planes x = + a y= +" 


7 
and z= + es 
































Fic. 1 


The wave vectors, which have got some symmetry, are indicated in 
Fig. 1. The characters of the small representations of the points A, A’, 
aa’, X, 2”; B’; X, X’; and I’, M, M’, Z may be taken from Tables I, II 
and IIf respectively (P.I).* The characters of the small representations of 
the points 8 and T are given in Table I. 


TABLE | 





( 
C2 


* Our Part I is referred to as (P. 1). 
A3 
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The compatability relations between I", 2, A and 8; and X, A, a, f’ 
are given in Tables IV and V (Part I) respectively, while those beiween 
M, 2, a and T are identical with those between I", 2, A and 8. Similarly 
one can easily see that the compatability relations between X’, A’, a’, ’, 
M’, a’, T, 2” and Z, 2’, A’, B are the same as those between X, A, a, B’; 
M, a, T, 2 and I’, 2, A, B respectively. 





TABLE II 


Compatability relations for the symmetry planes 


ee | 


Symmetry plane so = 
z=0 ool BiB | BeBe 
Ld. Ds, 
@,Q2 Q3Q4 
y =0 . A,4, 4,4¢ 
BiPs8s BefsBs 
vey 123 | BeBq 
BiPaPs PoBsBs 
T1T 41s TeT3T5 
n , 
aan Qj ag | + QoQ, 
Fa Be fe Bs Bs 
l TiTsT; om TgT4Ts 
= _ +. 2,'Ze’ te 
| A,’As A,’ A,? 
a, a,’ a; a,’ 





3. TETRAGONAL DERIVED LATTICE 


The unit vectors in the direct lattice can be taken as ({ — -f > ) 


a ae aa — ; ; ; 
( 4 > 3) and (5 ~ 3): The primitive translations in the reciprocal 

: 27 2 2 2 2x 2 . ; : 
lattice are (0, a =) (=. 0, =) and (> =» 0). The first Brillouin zone 


; _ 2a re 3; eee 
is formed by the planes + x +) ae ee: =m (os + 3) and + 


Pe ] . 
i _ —s (32 - is) The wave vectors, which have got some symmetry, 
are I", A, X and B (same as in the simple tetragonal) and M, X?2, L, M®, T’. 


y) 
a and a’; where X? ( = 0, 0) and M (¢. “ 0) are the points of intersection 


of the symmetry ax°s with the first Brillouin zone, while L G 0, = and 











») 
cal 


ne 


ion 


nd 














M? @ ; *) are points on and on a parallel plane parallel to - i : 


a a £ 
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(; a) respectively. T’ and a’ are general points on the lines M M? and 


a 


LM respectively, while a is a particular point on the line X*M. The 
characters of the small representations of the points X? and M are given 
in Table II (Part I) and those of M? are given in Table I. a’ is either sym- 
metric or antisymmetric with respect to the symmetry axis, and the characters 
of the small representations of the points T’, L and a are given in Table III. 








TABLE III 
re E Cy o2 on 
L E C, i Coy 
a I Cc. oy Co. 
1 l 1 1 
1 - 1 -1 
J fF =] -1 1 
l 1 -1 -l 


The compatability relations between I’, 2, A, B are given in Table IV 




















(Part I). 
TABLE IV 
Compatability relations between M, a, £ and T' 
M, Me M; | M4 Ms Me My Ms 
a a as 4 a3 | a4 a1 a, 
Sy > Ze 24 =3 atte 2 Z4 Ze 
Ty T T, r = TT Ts Tr 
TABLE V 
Compatability relations between X? and a’ 
| | oe 
X1° X,° X;? | X4° X5 X," X7° | be 
4 oe | oe : p | es 
a a4 | Mg ae | ay ay a, !| ag 
| { 7 | ; ft 
TABLE VI 


Compatability relations between L and a’ 


- | a lis | hus 


’ ’ 
ay a2 
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TABLE VII 
Compatability relations for the symmetry planes 


Symmetry plane + | - 


= 0 4:43 B34 
1M aga 
yah | DAs Ask, 
PiBss Boas 
wmy ooh 7 Rell TT 
PiBaBs BeBsBs 
ty = 2n TT’ Ts'T,’ 
. My?M4g2Ms2. Mo?M32Mz5° 
eS. 4 ] 1 L, Le LeL 
t = nf +h 4 fi A 3*+4 
a ee PiBs8s BoPaPs 


4. SIMPLE ORTHORHOMBIC LATTICE 
The direct lattice can be taken as (a, 0, 0), (0, b, 0) and (0, 0, c). The 


unit vectors in the reciprocal lattice are ( oe 0, 0), (0, 7 : 0) and (0, 0, =). 


The first Brillouin zone is formed by the planes x = + “ y=rt and 


z=+ =: The wave vectors, which have got some symmetry, are indicated 


in Fig. 2. 
































The 
) 


nd 
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The characters of the small representations of the eight corners of the 
rectangular parallelepiped may be taken from Table VI, and for the rest 
of the points they may be taken from Table VII (Part I). The compata- 
bility relations between J’, A, X and 5 are given in Table VIII (Part I). The 
compatability relations of any corner of the rectangular parallelepiped with 
the three general points on the axes passing through that point are identical 
with the above relation as given in Table VIII (Part I). The compatability 
relations for the symmetry planes are given below in Table VIII. 














TABLE VIII 
Compatability relations for the symmetry planes 
UL ITY As Sea aera OE EE SRP 
Symmetry plane = — 
z= 0 212% Zors 
5,54 5od5 
WiW4 WoWs 
y= | 444 A243 
2122 Zl 
21/2’ 2a'24 
=0 4,4, O34, 
1a A344 
5,6, 5354 
sapere ay'a4’ aya’ 
peed 
a @1Q4 a2a3 
w/w," Wo'W@’ 
y= BiB, BaB2 , 
b Bi’ Ba Bo’ Bs 
ww’ 3’ a4’ 
Lid 5,'5," 54/34" 
c 4,’4,’ 4y’O,4 
| aya’ a3’a4 











5. Bopy-CENTRED ORTHORHOMBIC LATTICE 


abe 


The unit vectors of the direct lattice can be taken as (- 79 2)> 


( b >) and (5. b -5)- The basis vectors in the reciprocal lattice are 


e 2 2’ 


b’ ¢ a h 


(0, al = leo 0, = and ( at ~ 0). The first Brillouin zone, which 


l l 


, ee 
is a dodecahedron, is formed by the planes a> 7 (<a + 52): 


Mine bee re LSS 
+ ; mt : m( a s) and + ee + -% ) The wave vectors, 
¢ ¢ ae ¢ 


b? a" 
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wuich have got some symmetry, are I", A, 5, 2 (as in the simple case); 
X, Y, Z are the points of intersection of the symmetry axes with first Brillouin 


zone; M’ (= i “). L(*. si 0), M (*. 0, =) N (0, P *) are points on the 
symmetry planes lying on the surface, while w’, a’ and 8’ are general points 
on the lines LM’, MM’ and NM’ respectively. The characters of the small 
representations of X, Y, Z are the same as those of A, 5, 2 respectively and 
they are given in the simple case, w’, a’ and 8’ are either symmetric or anti- 
symmetric with respect to the symmetry axes and Table IX gives the charac- 


ters for the remaining points. 
TABLE 1X 


The compatability relations between J", , A and f are given already 
in the simple case. 








TABLE X 


Compatability relations between M’, w', a’, and 3’ 








| 


My’ | Me” 


af 


TABLE XI 


Compatability relations between L and w’ 





‘i | Le Le le 


, 


We 
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s F TABLE XII 
Compatability relations between M and a’ 
. plc MAREE GSS (Kee! 











M, Ms | a ae 
ts :N 
I gyal Gat gystowtnahs aied ita 
d ee | Pee | rar 
i- 
ts TABLE XIII 
Compatability relations between N and 8' 
ea eco are —— é 
N, | No Ne | N4 
y 
* | 82’ 53° | 3, 
\ oe 
TABLE XIV 


Compatability relations for the symmetry planes 








| 
Symmetry plane | + - 
x=0 212, 2223 
3,54 5253 
y=0 2122 Zal4 
4,4, 4:4, 
s=0 4,4, Os, 
5,5. 5354 





6. FACE-CENTRED ORTHORHOMBIC LATTICE 
’ ; : . be a c ab 
The unit vectors in the direct lattice are (0. > 5) (5 0, >) and (G » 0). 


The primitive vectors in the reciprocal lattice are(—“", - =), (2,-F. a 
a’b’¢ eo” 2 2 


‘ 
and (= nd — =). The first Brillouin zone is formed by the planes 


a’ b 
v z ] Qn y=? 


5 1 
+34 =*(, + 5a + cx) and x=+ and z= 
; + = The wave vectors, which have got some symmetry, are J", 2, A, 5 


>= @ 


(as in the simple case); X, Y, Z, are th points of intersection of the sym- 


; 2 
metry axes with the first Brillouin zone, and U (= k, 0), V i. 0, k), 
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w (k, a 0), U'(0, k, 7). v'(0, 3 k) and W’ (k, 0, 7) The points 
X, Y, Z, have got full symmetry and their characters may be taken as those 
of I’ Table VI (Part I), and similarly the characters of 2, A, 5 are given in 
the simple orthorhombic lattice. U’, V’ and W’ are holomorphic with U, 


V and W respectively, and their characters may be taken from Table VI] 
(Part I). 








TABLE XV 
Compatability relations between X, A, U and V 
omen ) : 
3 Xe | » a Se | Xs Xe | Xy | Xp 
| } | 

j | 
—_ > | MA, oa, | As | Ay ds | da, 
oo ee | | 
U; U, Us Uz w -|- Be U, | U, 
% §| *® | V3 | V; V. | v, | v; 

\ 





The compatability relations between I", A, 2, 5 are given in Table VIII 
(Part I), and those between Y, W, 5, V’ and Z, W’, U’, X are the same as 


given in the above Table. The compatability relations for the symmetry 
planes are given below in Table XVI. 











TABLE XVI 
Compatability relations for the symmetry planes 
Symmetry plane | + 
eo= 0 | 212%, Zoz3 
5,54 5,53 
| UU’ U2’Uy 
y=0 “s 4,4, A,43 
ViVe V3V4 
2324 Ze2Xs 
s =Q@ 4,4 4s 4 
U,U, U3U, 
5,6. 5255 
2n UU, UsUz 
se — 
Viv, VeVs 
_ Qn WW, W.W; 
y= P V,’Vv." viv! 
2n Wy’ W,’ w’,W,! 
Uy'U2' U;'U,’ 
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7. Stpt-CENTRED ORTHORHOMBIC LATTICE 


: ; ' ab a b 

The unit vectors in the direct lattice can be taken as (5 > 0) ; G »— 5 0) 
and (0, 0, c). The primitive translations in the reciprocal lattice are 
2n 27 2a 2a 2a . , 
(=. b 0), ( sa as 0) and (0. 0, 7) The planes of energy disconti- 
(ny+ Me)? , (ny— n)*, ng? 
-— ” Be a" ay 
where ,, n. and ns are the Miller*® indices. The wave vectors lying in the 
plane z = 0 having some symmetry are the same as in the Orthorhombic 
derived lattice in two-dimensions (Part I). The corresponding points with 


. a Ls 
nuity are (m, + M2) ty (n, — ns) + ng = © 


z =k described by the superscript-1 and z = . described by the superscript 


2 below are the additional symmetry wave vectors in this case. The points 
X, X* and /™ have got full symmetry. The point L’ is either symmetric or 
antisymmetric with respect to the symmetry axis, and the characters of the 
small representations of the remaining points may be taken from Tables 
VII and XVII respectively (Part I). The compatability relations between 
I’, A, Y and I” are given in Table XVIII (Part I). The compatability 
relations between X, A, M, X’ and between X?, A?, M? and X’ are identical 
with the above relations. Table XVII gives the compatability relations 
between I”?, A* and M’. 


8. HEXAGONAL LATTICE 


The unit vectors in the direct lattice can be taken as (a, 0, 0), ( > 


a/ 


: a, 0) and (0, 0, c) referred to rectangular axes. The primitive periods 
° . . 2a 2n 40 2n 

in the reciprocal lattice are (< 73a’ 0), (0, \/3a’ 0) and (0, 0, - ). The 
first Brillouin zone is bounded by the planes y + +/3x = + amon y= 


and z= + . The wave vectors lying in the plane z = 0 are the same as 


TABLE XVII 
Compatability relations between IT", A? and M’ 
) ; 











{ | | | | 
Be: foPatiof Bebo) iPdoo did oiifided | Pe jore 
ed Sire PRS Sh tyne a | 
| ‘?- : | oe | | 
a? | 43” | 4, 4,? | Peril 4;? | 4, | 4,? 
| | { | 
M,’ mM,” | M,’ M,’ Me’ | Me’ M, M,’ 
| | 


| | 


| 
| 














Compatability relations for the symmetry planes 


Symmetry plane 


x=0 
y =90 
s=0 

2n 


TABLE XVIII 
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aS i 
_ 
“xe ~ 
- 


Pls’ 
YoY 


Y2’V2" 
Bohs 
rsT? 


YsY4 
MaM, 


M’» 
M.Ms 
pte hy 


¥,’¥;, 
As°A,? 
M,2M,: 





those in the two-dimensional case (Part I). 


on the z-axis, XX’ and MM’ respectively. The characters of the small 
representations of X, X’, 8; M, M’ and I’, I” may be taken from Tables 
IX, Xl and XII respectively (Part I). Table XIX gives characters of w, and 


for the rest of the points they may be taken from Table X (Part I). 


The corresponding points with 


= < are denoted by the superscript 1, while 8, w and 5 are general points 











TABLE XIX 
l 
w | E | 2C3 30’, 
birt | 1 
1 1 —] 
b soll | vel 0 


The compatability relations between the various points are given in 
the two-dimensional case (Part I). The Compatability relations for the 


symmetry planes are given below. 
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TABLE XX 


Compunability relations for the symmetry planes 











Symmetry plane + = 
of 4,4; 4X, 
| aa; | A.A, 
| 2123 Zar, 
>> . 
oy | 2122, | Zabe , 
a a 
PiPsPake BePskh: Pe 
oe ee 4,43 BoM, 
4,’4,’ 2 4,’ 
BiBsbsPe B2BsbsBe 





9. SIMPLE MONOCLINIC LATTICE 


The basis vectors in the direct lattice can be taken as (a, 0, 0), (B,, Be, 0) 
and (0; 0, c). The primitive translations in the reciprocal lattice are 


(7,-* 7 — ,0), (0. F 2m im and (0, 0, - | The first Brillouin zone is formed 


a 
by the se by + ip = oy ta y= + and z= + ~ The 
ab, by Cc 


wave vectors, which have got some symmetry, are J’, L (as in the simple 
two-dimensional case), 8 (0, 0, k) and z (0, 0, =). The characters of the small 


representations of I’, Z are given in Table XVI (Part I). § and L are sym- 
metric or antisymmetric with respect to the symmetry axis ard plane res- 
pectively: From this it can be easily seen that four zones are touchirg at 
the origin, while at any other point in the plane only two zores meet. 


10. MONOCLINIC DERIVED LATTICE 


The basis vectors in the direct lattice are (> 0, >) (b,, by, 0) and 


(5 0, x) The primitive translations in the reciprocal lattice are 


(7, = =), (0.5 a 0) and oo = a | The planes of energy 


discontinuity are 


(n, + T Ns) = i (— nb, 7 me ~ Nsbz) ~ = + (ny —_ ns) = - 


we {i + Ng)? 4 (— mb,+ na— mob" _ (m— a 
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b,” + (6; — a)? — 1 


Ny, NM, and nz being the Miller indices. If ape oP then 


Z’ (0. 0, =) is the point of intérsection of the z-axis with the first Brillouin 
zone. The characters of the small representations of Z’ are identical with 


those of I” (simple case). 


11. RHOMBOHEDRAL LATTICE 
Finally we shall consider the rhombohedral lattice. The unit vectors 


, : eon, af—-av3.. ge 

in this lattice can be taken as (1, 0, c) ( yO a, c) and > 74 c) 

referred to rectangular axes. The primitive translations in the reciprocal 
: 4n , 20 —2n7 2n 2 —22r —2n 22 

lattice are (=. 0, 72) ( a’ 3a 7.) and (53 es ey ). The planes 

of energy discontinuity are given by the equation, 


> b- ? - 
(2n, — nz — ns) ae V3 (n, — ns) > + (mn + ng+ Ns) = 


2 1 1 
ea 4+ a (He — ns)? + 33 (ny + ng + ns)*t. 


The symmetry elements of the reciprocal lattice are E, 2C;, 2C., i, 2S; and 30. 

The wave vectors, which have got some symmetry, are J" (0, 0, 0), 8 (0, 0, k) 
4 4 7 Ln ™(4c?+ a*) 

A, k, 0). If a* < 2c* then, Z (0, 0, 2), Y'(0, ya 0) are the 

points of intersection of the symmetry axes with the first Brillouin zone, 


2 2 
while Z’ (0. 0,7 =u S ”) and Y (0. Te 0) are the corresponding points 


when a? > 2c*. Tables XXI and XXII give the characters of the small 
representations of the points I’, Z, Y and 8, Z’ while A and Y’ are either 
symmetric or antisymmetric with respect to the symmetry axes. 

| TABLE XXI 





r, Z, Y E 2C3 3C 2 é 2S3 3o 








































Symmetry Properties of Wave Functions in Crystals—II 
TABLE XXII 
n | | 
?* a | 2Cs 30 
n | 
1 1 1 
h 
l 1 -1 
iting -1 | Oo 
s TABLE XXIII 
) Compatability relations between I", A and 8 
' | pg 7. | 
I’; pe I's ae i | I's | Ie 
s . | ae t ] 
4; A, 4,4, 4, | A, | QyMe 
Bi Be | Bs Bi: B. | Bs 
12. TRICLINIC LATTICE 
In this lattice there is neither an axis of rotation nor a plane of reflection 
and the study of Brillouin zones is trivial. 
- The authors’ thanks are due to Prof. S. Bhagavantam for his keen 
) interest in this work. 
2 13. SUMMARY 
e. The symmetry properties of the wave vectors and the sticking of Brillouin 
zones for all the three dimensional lattices except those coming under the 
is cubic system are described in this paper. 
I] 
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WE have shown in an earlier communication! that racemic camphorcarbo- 
xylic acid behaves like a true d/-compound. The application of the Rooze- 
boom melting-point-composition method to mixtures of optically active 
and inactive forms of the acid gave rise to three curves corresponding to 
the melting point of (a) d-acid in presence of dl-acid, (6) d/-acid in presence 
of d- and /-acids, and (c) /-acid in presence of d/-acid. The melting point 
curve of the racemic acid in presence of the active forms (b) was found to 
have a flattened maximum, indicating some dissociation of the acid into d- 
and /-forms. It is proposed to investigate the degree of dissociation of the 
acid at its melting point. 


A pure crystalline compound (A) gives a sharp melting point, which is 
generally lowered by the addition of another substance (B) soluble in it. 
The lowering, according to Raoult’s Law, is given by the expression, 


AT= ———*: Ly [A], 


where AT is the lowering in melting point (of A), R the gas constant, T the 
observed melting point of the mixture, T, the melting point of the pure com- 
pound (A), [A] the concentration of the original substance (A) in presence 
of the added impurity (B) and L; the latent heat of fusion (A). The deriva- 
tion of this equation giving the extent of freezing point lowering caused by 
impurities involves the following assumptions :—(i) that the vapour over the 
liquid and solid at equilibrium behaves as an ideal gas within the temperature 
and pressure ranges involved, (ii) that the volume of liquid and solid phases 
is negligible in comparison with the corresponding volumes of vapour, 
(iii) that Ly is a constant over the temperature range considered and (iv) that 
the intramolecular forces are the same in both components of the mixture. 
Close to the melting point where the pressure of the vapour is small, condi- 
tions (i) and (ii) may be expected to hold. The latent heat does not vary 
considerably over a small range of temperature especially when the melting 
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point is itself high. Intramolecular forces are thus the main cause of devia- 
tions from Raoult’s Law. The best example of an ideal solution is probably 
a mixture of isotopes since the intramolecular forces of two isotopic species 
are practically identical. A very close approach to the ideal case in the 
application of Raoult’s Law is the study of two enantiomorphic substances, 
which are identical in their scalar properties and differ only in the direction 
of rotation. 


The melting points of dl/-camphorcarboxylic acid on the addition of 
different amounts of the active forms give rise to a curve with a considerably 
flattened portion at the maximum. If the dl-acid is partly dissociated at 
its melting point into the d- and /-form, the observed melting point will 
naturally be less than its theoretical melting point, in proportion to the 
degree of dissociation. The addition of a certain amount of an active form 
involves (i) the recombination of some of the d- and /-forms already present, 
in accordance with the Law of Mass Action and (ii) the lowering of the 
melting point, according to Raoult’s Law. The former causes a rise in the 
melting point of the original substance, as the degree of dissociation is 
reduced, and the mol. fraction causing depression thus lessened. The effect 
of this on the depression produced according to Raoult’s Law is to reduce 
the amount of lowering in the melting point, thereby giving a more flattened 
curve. The greater the initial degree of dissociation, the less the effect pro- 
duced by the addition of a given amount of the active form. This line of 
argument has formed the basis of a method of calculating the degree of 
dissociation of the racemic form at the melting point. 


The method originally due to Kremann,? consists of a process of trial 
and error. Assuming a certain degree of dissociation, the variation of 
the melting point on the addition of various amounts of an active form is 
calculated and a melting point-composition curve drawn. If the value of 
the dissociation assumed is low the curve obtained from calculation would 
be steeper than the experimental curve; if it is too high, the curve would 
be flatter. Several values for dissociation (a) are used till a more or less 
close fit is obtained, the corresponding value (a) giving us the extent to which 
the racemic compound is split up into the active forms. The method of 
calculation is given below: 


Consider 1 mol. of a compound AB which dissociates partly into A 
and B. If ‘a’ be the degree of dissociation at its melting point, the system 
will be represented by 


AB=2A + B 


l—a a a, 
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in which the mol. fractions of AB, A and B in the liquid are is = 
l+a’ l+a 


and respectively. The law of Mass Action gives the equilibrium 


a 
l+a 
constant, K, as follows: 

TAUB) _ [a/I+a}_ 

K= "TAB] ~ [I—a/1+ qj’ (1) 
assuming the liquid system to be ideal. If ‘mn’ mols. of A are now added to 
1 mol. of AB, the extent of dissociation at the melting point will be reduced 
to a,. The total number of molecules is now (1+ a,+ 7) and by the Law of 
Mass Action, 


my ee. tae, = SoM. 
ed peatead lhessesy beset (2) 
Applying Raoult’s Law to solution of A in AB, we have 
~ we 3% 
L, [AB] = R (+ T) (3) 


where [AB] is the mol. fraction of AB, L, its molar heat of fusion, T, its 
theoretical freezing point and T the actual freezing point of the solution, 
The value of L; may be determined by measuring the depression of the 
freezing point of AB on the addition of an inert substance which dissolves 
in it, but does not react with it. In order to obtain ‘a’ from the actual 
freezing point curve, a method of trial and error is adopted. Assuming 
a certain value of ‘ a’ the corresponding equilibrium constant (K) is obtained 
from equation 1. An approximate value of T, is obtained from equation 3 


by substitution of [AB] by it The degree of dissociation a, in the pre- 


sence of a given amount of A can be evaluated from equation 2, assuming 
K to remain constant. The corresponding mol. fraction [AB] can be 
obtained from equation 2 and by means of equation 3, the freezing point 
T may be calculated. If the value of ‘a’ has been correctly chosen, these 
points would correspond to the points on the experimental curve. If not, 
other values of a are tried till the experimental and calculated values agree. 


The melting point-composition curve given in the earlier paper had 
percentage composition by weight for its abscissa. The basis of calculation 
in the above argument is, however, the mol. fraction. A conversion to the 
latter involves a considerably greater degree of flattening of the maximum. 
Average values of the melting points of inactive camphor carboxylic acid in 
presence of equal amounts of the active forms, are given in Table I along 
with the percentage compositions and the mol. fractions. 
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FABLE | 
Melting point of mixtures of active and inactive camphorcarboxylic acids 


| 


Percnetage compo- | Mol. Fraction 








Melting point | sition by weight of of the active 

| the active form component 
136-0° C. 0-0 0-0 
134-5 10-0 18+2 
132°3 20-0 33-3 
129-8 30-0 46-1 
125-2 40-0 57-1 
121-4 50-0 66°7 
120-7 60-0 75-0 
121-0 70-0 82°3 
122-0 80-0 88-9 
124-2 90-0 94-7 
129-1 100-0 100-0 


The molar heat of fusion was obtained by determining the lowering in 
melting point of the inactive acid on the addition of camphor which is 
structurally very similar’to the acid and does not react with it. As a result 
of a number of observations, the latent heat for a gram mol. was found to 
be 5968 calories corresponding to a fall of 8-1° for a mixture containing 90 
parts by weight of the acid and 5 parts of camphor. 





The fall in melting point of the inactive acid due to the presence of 0-1, 
0:2 and 0-3 mol. fraction of an active form has been calculated assuming 
dissociation to the extent of 25 and 30 per cent. The results are given in 
Table Il and Fig. 1. 
TABLE II 
Melting point of inactive camphor carboxylic acid on the addition of different 
amounts of the active form assuming various degrees of dissociation 


Degree of Dissoci- 
ation and calculated, Mol. fraction of | Resultant degree Melting point 
m.p. (To) of pure | active form added | of dissociation (ay)! calculated °C 
a@t-iorm 
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DISCUSSION 


The melting point-composition graph experimentally obtained is given 
in Fig. 1 and marked A; the curves B and C are the calculated ones for 
a= 0-25 and a= 0-30 respectively. The experimental curve is found to be 
very close to and to lie between the two calculated curves indicating that the 
actual dissociation may be taken as the mean value, namely, about 27%. 


It has been assumed in our arguments that the latent heat of fusion does 
not change with temperature. The calculated melting point of the undisso- 
ciated compound for 25% dissociation is 439-5° A (166-5° C.) and for 30% 
it is 447-7° A. (174-7°C.). The difference between these values and the 
observed value for the melting point of the d/-acid which has been used for 
calculating the latent heat of fusion, amounts to about 7 to 8% of the actual 
value on the absolute scale. This is likely to cause some error—to the 
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extent of about 5°%{,—in the value of the molar heat of fusion. Another 
source of possible error is that the experimentally determined value of L, 
refers to a partly dissociated compound. These are not likely, however, 
to introduce any large error and the present value (27%) may be taken as 
giving the correct order of magnitude of the degree of dissociation. 


SUMMARY 
(1) The melting point-composition graphs of mixtures of active and 
inactive camphorcarboxylic acids are discussed. 


(2) The variation in the melting point of a partly dissociated compound 
in the presence of varying amounts of one of the dissociation products, is 
considered. 

(3) Inactive camphorcarboxylic acid appears to be dissociated to the 
extent of about 27% at its melting point. 
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NUCLEAR OXIDATION IN FLAVONES AND 
RELATED COMPOUNDS 


Part XLX. A New Synthesis of Robinetin and Kanugin 
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IN Part XVI' was described a typical case of ortho oxidation in the side 
phenyl nucleus which consisted in the conversion of O-tetramethyl quercetin 
into myricetin. As further support for the multi-stage theory of ortho- 
oxidation the closely analogous case of robinetin has now been studied and 
it has been prepared from fisetin trimethyl ether(I). Further an important 
synthetic advantage of this method ‘is the preparation of methylene ethers 
and this is illustrated by the synthesis of kanugin, a derivative of robinetin 
occurring in the root and stem barks of Pongamia glabra.? 


The abovementioned fisetin trimethyl ether (I) does not give any appre- 
ciable yield of the oxidation product with alkaline persulphate. But it 
condenses with hexamine to form the corresponding 5’-aldehyde (II) in 
good yields which subsequently undergoes oxidation with hydrogen peroxide 
to the catechol (Ill). These compounds have the expected properties and 
reactions. Methylenation of the catechol (III) yields kanugin (IV) and 
demethylation robinetin itself (V). 
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EXPERIMENTAL 
3: 7: 3'-Trimethoxy-4'-hydroxy flavone (I) 


w: 4-Dimethoxy-2-hydroxy acetophenone (2 g.) was condensed with 


the anhydride (10 g.) and the potassium salt (4 g.) of benzoyl vanillic acid 
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by heating at 180° under reduced pressure for four hours. The product 
was refluxed with 10% aqueous alcoholic potash (65c.c.) for 20 minutes. 
Alcohol was then removed under reduced pressure and water (100 c.c.) added 
io dissolve the residue. The yellow solution was filtered and the filtrate 
saturated with carbon dioxide. The flavone separated out as a brownish 
vellow solid. When crystallised from alcohol, it was obtained as yellow 
elongated rectangular prisms melting at 173-4°. Yield, 1g. It did not 
develop any marked colour with alcoholic ferric chloride. It easily dis- 
solved in aqueous alkali. (Found: C, 65-1; H, 5-3; C.sHigQ, requires 
C, 64:8; H, 5-0%.) 


3:7: 3'-Trimethoxy-4'-hydroxy flavone-5S'-aldehyde (II) 


The above flavone (0-5 g.) was heated with glacial acetic acid (6 c.c.) 
and hexamine (2 g.) over a boiling water-bath for six hours. The solution 
which was yellow at first turned deep brown towards the end. At the end 
of six hours, hydrochloric acid (1: 1; 6.c.) was added to the solution while 
still hot. After ten minutes water (10 c.c.) was added and the mixture left 
overnight. A bright yellow crystalline solid separated out (0-3 g.). It was 
crystallised first from alcohol and then from ethyl acetate when it was obtained 
in the form of pale yellow flat needles melting at 180-81°. Yield, 0-2 g. 
It was sparingly soluble in aqueous alkali giving a bright yellow solution. 
In dilute alcoholic solutions the aldehyde gave an immediate pale brown 
colour with ferric chloride ; in concentrated solutions, the initial colour was 
deep bluish green which slowly faded to brown. There was no precipitate 
with alcoholic neutral lead acetate for several hours. (Found: C, 63-6; 
H, 4-8; C,)H,.O, requires C, 64:0; H, 4:5%.) 

3:7: 3'-Trimethoxy-4' : 5'-dihydroxy flavone (III) 

The above aldehyde (II) (0-25 g.) was dissolved in N/2 sodium hydro- 
xide (2 c.c.) and treated with 6% hydrogen peroxide (0-6 c.c.) dropwise with 
vigorous shaking and occasional cooling in ice water. The solution was 
then kept at ordinary temperature. Within an hour the yellow solution 
became turbid. A few drops of pyridine were therefore added to clear up 
the turbidity. After three hours, the solution was acidified and the precipi- 
tated flavone filtered (0-2 g.). It was crystallised twice from alcohol when the 
dihydroxy flavone was obtained in the form of pale yellow small rectangular 
prisms melting at 199-200°. Yield, 0-15 g. The alcoholic solution of the 
substance was very pale yellow. It gave a deep olive green colour with a 
drop of ferric chloride solution, an immediate yellow precipitate with neutral 
lead acetate and a deep red colour with a drop of aqueous sodium hydroxide, 
(Found: C, 62-6; H, 4-9; CygHigO, requires C, 62-8; H, 4-7%.) 
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3: 7: 3'-Trimethoxy-4 : 5'-methylenedioxy flavone: Kanugin (IV) 


The dihydroxy flavone (85 mg.) was refluxed in anhydrous acetone 
solution (25 c.c.) with methylene sulphate (0-2 g.) and anhydrous potassium 
carbonate (1-0 g.) for 12 hours. At first the solution was clear yellow which 
gradually faded to pale yellowish brown in the course of four to five hours. 
The colour of the solution then began to deepen gradually and at the end 
of twelve hours it was deep yellowish brown. After the removal of acetone, 
water was added to the residue and extracted with ether. The ethereal 
extract was washed with 5% aqueous alkali twice and then with water. It 
was then evaporated to dryness and the residue crystallised from alcohol 
using a small quantity of animal charcoal. The methylene ether, kanugin, 
crystallised out as colourless rectangular plates melting at 204-S°. It did 


not depress the melting point of an authentic sample of kanugin and exhi- 
bited all the reactions.* 


3:7: 3': 4: 5'-Pentahydroxy flavone: Robinetin (V) 


A solution of the dihydroxy flavone (IIL) (0-1 g.) in acetic anhydride 
(2 c.c.) was treated with hydriodic acid (d. 1-7; 4¢.c.) and refluxed for an 
hour and a half. The solution was then poured into water (30c.c.) and 
decolourised by passing sulphur dioxide. It was saturated with sodium 
chloride and extracted with ether repeatedly. The ether extract was eva- 
porated and the residue crystallised twice from aqueous ethyl alcohol. It 
was obtained as yellow rectangular plates melting at 320—-25° (decomp.). 
Identity was established by direct comparison with an authentic sample of 
robinetin; the characteristic colour reactions were found to be identical. 


SUMMARY 


The trimethyl ether of fisetin with a free hydroxyl group in 4’-position 
yields the S’-aldehyde readily by the action of hexamine. Subsequent 
oxidation with hydrogen peroxide gives rise to good yields of robinetin 
trimethyl ether. Its methylenation leads to the synthesis of kanugin and 
demethylation to the formation of robinetin. This constitutes another 


example of the two stage ortho-oxidation of the side phenyl nucleus of the 
flavonols. 
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1. INTRODUCTION 


InN the year 1937 Joshi-* reported a significant observation that when a gas 
is subjected to ionisation by collision by alternating electric fields its con- 
ductivity diminished immediately on exposure to light. On the removal 
of light the conductivity restored to the original value without any sensible 
lag. This negative photo-effect on conductivity was first noticed in chlorine 
and a few other gases by Joshi. Later Joshi and co-workers confirmed this 
effect in many other gases under a range of conditions. This phenomenon 
first termed by Jeshi as ‘ New Light-effect’ has since been worked out in 
subsequent literature on the subject and has now received the familiar name 
‘ Joshi-Effect ’ in scientific periodicals. 


The conductivity of a gas in a Siemen’s tube being obtainable from the 
measure of the discharge current, this decrease in conductivity will obvi- 
ously mean a decrease of the discharge current. Thus under the influence 
of radiation the discharge current in a Siemen’s tube containing a gas will 
be less than when the tube is in the dark. It is this decrease in the discharge 
current that is measured by Joshi to obtain a quantitative estimate of the 
effect of radiation on the conductivity of gases contained in Siemen’s ozo- 
niser. The technique used in such investigations has been well described 
in several’ papers by Joshi and co-workers.” * 


Numérous factors are known to influence the Joshi-effect. Among 
these, the nature and pressure of the gas in the ozoniser tube, the intensity 
and frequency of the incident radiation and the resistance in the external 
measuring circuit are found to have a marked effect.2* The nature and 
extent of the ozoniser walls receiving the radiation also affect the magnitude 
of the current decrease. As the effect is a function of several such para- 
meters, it is worthwhile to investigate the exact relation connecting the 
current decrease with one or several of the parameters cited above. It is 
with this objective that the experiments outlined below have been under- 
taken. 
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2. EXPERIMENTAL 


The gases selected for investigation are chlorine and air. The dis- 
charge tube is of the form of Siemen’s ozoniser. It consists of three co- 
axial tubes forming three independent space compartments. For investiga- 
tions on chlorine, the inner and outer spaces are filled with dilute hydro. 
chloric acid (Fig. 1). The middle space is joined to a pump with a tube for 






































Fic. 1. Experimental arrangement for the study of the effect of intensity and frequency 
of radiation on discharge in chlorine 


exhausting it and to an inlet tube for filling it with chlorine gas at any desired 
pressure. The columns of hydrochloric acid in the inner and outer tubes 
serve as the two electrodes of the ozoniser. They are connected to the 
secondary of a 15 kilovolt, 450 watts, 50 cycles transformer to excite the 
discharge. 


The experimental technique involves the observation of the initial steady 
galvanometer deflection corresponding to the discharge current 7 in the 
ozoniser under dark illumination and the diminution d@ in the original 
deflection @ when the ozoniser is irradiated under precisely known condi- 
tions. These two values of @ and dé of the deflection enable us to obtain 
a measure of the quantity — d@/@x 100 which is equivalent to — Ai/i x 100. 
The latter is stated to be the percentage decrease in the current or % Ai. 
This needs to be calculated for the reason that the actual magnitude of net 
Joshi-effect Ai measured, is a function of the initial current i. 


It is proposed first of all to investigate the variation of the discharge 
current with the intensity and frequency of radiation falling on the ozoniser. 


(a) Effect of Intensity and Frequency of Radiation on Discharge in Chlorine 


For these experiments the following arrangement shown in Fig. | is 
adopted, where the ozoniser along with the electrical excitation system is 
sketched. 


























173 


The ozoniser with its electrodes of dilute hydrochloric acid and chlorine 
gas in between is indicated diagrammatically to the left. This is fed by the 
secondary of the high tension transformer mentioned above. In order to 
measure the discharge current the primary p of another transformer is 
included in the discharge circuit. When a current is established in the dis- 
charge circuit, a small potential difference is developed across the primary p. 
The resulting potential difference in the secondary s of the transformer is 
then applied to the plate of a diode. The plate current is measured by a 
sensitive mirror galvanometer G having a suitable shunt S. The deflection 
6 of the galvanometer gives a measure of the discharge current /. 


Intensity, Frequency & Amount of Irradiation in Joshi-E fect 


As chlorine is found to give a very large magnitude of Joshi-Effect, it is 
particularly chosen for these experiments, aiming at the exploration of the 
quantitative data relating to both intensity and frequency of light. 


Since change of frequency of radiation affects simultaneously the inten- 
sity, it is difficult to adopt a direct method in which the frequency can be 
changed keeping the intensity constant. For this purpose, radiation of 
a narrow selected waveband is isolated at a time from a continuous source 
of light. Filters used for this purpose were four kinds of coloured glasses. 
In practice it is found that large intensities are generally desirable to obtain 
an appreciable measure of current change. With the coloured glasses there 
is large absorption and hence a continuous source of large intensity is 
necessary in order to allow a good amount of light intensity. to filter out in 
a given band. Except the sodium discharge lamp, no other truly mono- 
chromatic light was available. This is used only at one stage as will be 
shown later, to obtain confirmation of certain results. For the main part 
of the experiments, a 250 watt clear tungsten lamp served as the irradiating 
source. 


(1) Isolation of Wavelength Bands.—Red, yellow, green and blue glass 
filters used in conjunction with the above tungsten lamp give bands at effective 
mzan frequencies 15294, 16880, 17737 and 18877 cm.! determined by 
standard optical methods. The possible dispersion of the wavelength was 
of the order of about 200 A.U. on either side of the mean wavelength, but 
the effective intense band is expected to be much narrower than this spread. 


(2) Intensity Standardisation—In a given wavelength band isolated as 
above, the intensity variation was caused by altering the position of the 
lamp with respect to a fixed vertical position of the ozoniser. The lamp was 
kept successively at distances of 40, 50, 60, 70 and 80cm. from the ozoniser. 
For expressing the intensities in lumens per sq. metre, the following process 
of standardisation was adopted. 
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The intensities of radiation of the above frequencies falling on the 
ozoniser with the source kept at the above mentioned distances from it were 
imeasured by a thermopile which was independently calibrated in terms of 
a standard G.E.C. photometric lamp. It was necessary to eliminate the 
heat radiations which were appreciable due to the large wattage of the source, 
They were cut off by using a glass cell containing a layer of hydrochloric 


acid uniform with the one that surrounded chlorine in the ozoniser forming 
the electrodes. 


To arrive at the required thickness of the layer to eliminate all heat 
radiations and obtain only the light radiations, the following procedure was 
adopted. Using the standard lamp and the abovementioned glass cell, 
the deflection in the galvanometer used in. conjunction with the thermopile 
is noted when the thermopile is kept at a known distance from the lamp. 
The thermopile is then replaced by a Weston Light-meter and the deflection 
produced in it is noted. Another cell is brought in series with the first and 
with the two together, the observations of the galvanometer deflections and 
the Weston Light-meter readings are repeated. If all the heat radiations 
are not cut off by the first cell, the diminution produced in the galvanometer 
deflection by interposing the second cell should be greater than in the case 
of the Weston Light-meter, since the latter is not sensitive to infra-red radia- 
tions, while the thermopile is affected by both light and infra-red radiations. 
That limiting thickness of the layer is adjusted which brings about the same 
diminution of deflection in the galvanometer and the light-meter by adding 
a fresh layer, showing the elimination of heat effect. When this limiting 
thickness is arrived at, it is seen that the outer layer of dilute hydrochloric 
acid acting as one electrode surrounding the ozoniser is not less than this 


thickness. This ensured the incidence of only light radiations on the dis- 
charge column. 


By correlating the galvanometer deflections of the thermopile (with the 
layer of hydrochloric acid in front of it) with the known flux of the standard 
photometric lamp on the one hand and with the unknown flux of the given 
source at the abovementioned definite distances used in conjunction with 
the filters on the other hand, the intensities of the radiations falling on the 
ozoniser were ultimately expressed in terms of lumens per sq. metre in each 
of the selected wavelength bands and for the stated distances, viz., 40, 50, 
60, 70 and 80cm. 


Observations have been taken for two pressures of chlorine (P, and P»; 
P, being greater than P,) in the ozoniser tube. These pressures were taken 
of the order of tens of cm. of mercury (~ 20 to 30cm.) as the light-effect 
was noticed to be appreciable for higher pressures. 








effe 
in ( 


thr 
ant 


pre 


Fr 








the 
ere 


the 


ric 


Table I below records the results of observations to show the intensity 


rN 


effect of light on current decrease. 


RESULTS 


TABLE I 


Intensity, Frequency & Amount of [rradiation in Joshi-E ffect 


The effective mean frequency is noted 
in column one. Intensity of the radiation falling on the ozoniser in lumens 
per sq. metre is noted in column two and the decrease in current in column 
three in terms of the percentage decrease in current (% Aji) for pressures P, 
and P,. In order to see the proportionality of the effect, if any, for the two 
pressures the ratio of %Ai at P, and P, has also been calculated for 
corresponding values of frequency and intensity. 


Joshi-effect as a function of intensity 
(P, greater than P,) 
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Whi 
—" Intensity Tin |__ Ratio of % Ai between 
Rayeency cm. | lumens per sq, m. | Py an8 P, 
Py Ps 
590-9 6°3 4-5 1-40 
378-7 5-5 4-0 1-38 
15294 261-5 | 4°7 3-5 1-34 
204-5 4-2 3-1 1°36 
147-4 | 3-6 2-6 1-39 
Mean = 1-37 
360+6 8 6-4 1-27 
230-3 } 7-2 5-4 1-33 
16880 160-3 | 6-3 4-7 1-34 
116-2 | 5-2 3-9 1-33 
90°4 4-7 3-3 1-42 
| Mean = 1-34 
822-8 9+4 71 1-32 
215-2 8-2 6-2 1-32 
17737 147-4 6°8 5-3 1-28 
105+4 6-3 4-7 1-34 
80-7 5-7 4-2 1-36 
Mean = 1-32 
421-9 12-2 9-2 1-33 
269-2 10-9 7-8 1-39 
18877 186-2 9-6 7-1 1-35 
| 137°7 8-3 6-1 1-36 
106°5 7-3 5:2 1-40 
Mean = 1-37 






































These results have been plotted graphically in Figs. 2 and 3. The values 
of % Ai as a function of light intensity I in lumens per sq. metre at pressure 
P, is shown in Fig. 2 and the same relation at pressure P, in Fig. 3, for all 


the wavelength bands, 
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Fic. 3. The Joshi-effect as a function of the light intensity 
Pressure of chlorine = P, 
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The relation of %Ai with frequency at constant intensity has been 
derived from the graphs of Fig. 2 and Fig. 3 in the following manner. Four 
points of constant intensity 100, 200, 300, and 400 lumens per sq. metre have 
been chosen on the X-axis of these graphs and the values of % Ai corres- 
ponding to these against each of the four observed frequencies are noted 
down. These derived observations are recorded in Table II below. 


TABLE II 


Joshi-effect as a function of frequency 
(Derived from Figs. 2 & 3) 
































| 
ee % Li | 
wag = Frequency Fe Se, tS» ee | Ratio of %Ai between 
: ycm.! | | P, and P, 
per sq. m. Py | P, 
| 

| 15294 2-9 2-0 1-45 
1680 4°7 3-7 1-27 
100 17737 5-9 45 1-31 
18877 7-2 5-2 1-38 
| | Mean = 1°35 
| 15294 4-4 3-3 | 1-33 
16880 6-9 5-4 1-27 
200 17737 8-2 6-4 1-30 
| 18877 9+9 75 1-29 
| | Mean = 1-30 
15294 5-0 3-9 1-28 
| 16880 7-9 6-2 1-27 
300 | 1777 9-5 7:3 1-20 
| 18877 11-4 8-8 1-29 
| Mean = 1-29 
| 15294 53 | ed 1.29 
| 16880 8-2 | 6-5 1-26 
400 17737 9-9 | 7-4 1-33 
| 18877 12-1 9-3 1-30 
| | Mean = 1-29 








The above results are plotted graphically in Figs. 4 and 5. 


Here we have frequency v in cm.! along X-axis and % Ai along Y-axis. 
All the four curves corresponding to constant intensities 100, 200, 300 and 
400 lumens per sq. metre are drawn in the same graph, Fig. 4 for pressure P, 
and Fig. 5 for pressure P.. 


; To check the validity of the results obtained, the values of % Ai that are 
obtainable as a result of incident light of frequency v= 16970cm.-! corres- 
ponding to monochromatic sodium light are read from graphs of Figs. 4 
and 5 by choosing the’ particular frequency on the X-axis and noting the 
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Fic. 4. The Jcshi-effect as a function of frequency of radiation 
Pressure of chlorine = P, 
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Fic. 5. The Joshi-effect as a function of the frequency of radiation 
Pressure of chlorine = P, 
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%Ai for intensities 100, 200, 300 and 400 lumens per sq. metre. These 
derived readings are entered in Table III (5). 


To see whether these graphically derived values of Table III (5) confirm 
the experimental results, observations were taken with sodium light. A 
Philips Philora sodium vapour lamp (230 volts, 65 watts) was chosen as 
the source causing truly monochromatic light to fall upon the ozoniser dis- 
charge at the five fixed distances mentioned above. The intensities in lumens 
per sq. metre corresponding to these distances are measured in the manner 
indicated in the above experiments and the decrease in the ozoniser current 
observed. These observations are entered in Table III (a). 


TABLE III (a) 


Diminution in discharge current for sodium light 


(Experimental values) 


Oo, . 
! %hi | 
Intensity I in | * Ratio of % Ai 
lumens per sq. m. between P, and P, 
| P, | P. 
| 





383-1 8-5 6-8 1-25 
245-3 7°3 5+7 1-28 
17t-l 65 4°8 1-35 
195-9 5+5 4-0 1-37 
96-9 5-0 3-5 1-42 

Mean = 1433 


TABLE III (5) 
_Diminutien in discharge current for sodium light 


(Graphical values derived from ' Figs. 4 %& 5) 


| 

y | 

% Li : se 
Ratio of 2A: 

between P, and P, 


Intensity 1 in 
lumens per sq. m. | | 
P P, 

1 > 


} 
| 
| 
100 | 
| 


5-0 3-6 1+39 
200 7-1 5-2 | 1-36 
300 8-1 6°3 1-29 
400 8-5 6-6 1-29 


| | Mean = 1-33 
| | 

Results of Tables III (a) and IIL (4) are graphically shown in Fig. 6 
where the graphically derived values are shown by crosses ( ) and the experi- 
mental values by circles (©). The agreement is seen to be very close in 


both the curves corresponding to pressures P, and 'P3. 
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Fic. 6. Experimental and the graphically derived values of the Joshi-effect in chlorine 
v = 16970 cm.~1 
No readings are taken here with air as the Joshi-etfect is generally small 
within the available limits of frequency and intensity variations. 


(b) Effect of Amount of Irradiation 


To investigate the effect of amount of irradiation on the ozoniser current, 
slightly different procedure and technique from those in Section (a) above 
had to be adopted. Fig. 7 shows the diagrammatic sketch of the assembly 
of the apparatus. 
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Fic. 7, Experimental arrangement for the study of the variation of the Joshi-effect with the 
amount of radiation 
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The ozoniser in this case consists of an ordinary test-tube to the side 
of which is sealed a small tube for being connected to a vacuum pump. The 
mouth of the test-tube is closed by a rubber stopper through which another 
smaller tube is made to pass co-axiaily with the first. The enclosed gas is 
air and its pressure is measured by Edward’s vacustat. A copper coil wound 
uniformly round the outer tube served as one of the electrodes, the other 
being a copper rod inserted in the innermost co-axial tube. The electrodes 
are connected to the secondary of a 10 kilovolt, 250 watt, 50 cycles trans- 
former. A variable resistance R is included in series with the discharge 
circuit. The potential difference developed across R is applied to the plate 
of a diode and the discharge current measured as described already. 


The tube is kept vertical and enclosed in a box provided with a shutter 
to expose it to a given radiation as desired. Opposite to the shutter is a 
100 watts clear bulb without any coloured filter at a distance of 50 cm. from 
it. A water cell of sufficient thickness is used to cut off all the heat radia- 
tions. The amount of irradiation falling on the ozoniser is altered in two 
ways :—(1) by changing the length L of the electrode coil surrounding the 
ozoniser tube and (2) by using a black paper to block any desired portion 
of the discharge from the incident light. In the first case the outer electrode 
coil of given length L allows radiation to pass to the discharge column only 
via open spaces between its turns. With the length of the coil doubled the 
open spaces between the turns are reduced to half and consequently light 
reaches the ozoniser column over half the first portion. In the second case 
the same object is achieved by using an opaque screen in the form of a black 
paper to intercept as desired the light falling on the ozoniser at any selected 
spot. 


The results of %Ai observed in these experiments are recorded in 
Tables [V (a) and [V (6). Table IV (a) shows how the percentage decrease 
TABLE IV (a) 

Effect of the ozoniser surface area 











os 7 ° Oo, mal a eH 
fol! gern om | ad 75 coil Ratio of % Aji between L and 2L 
Resistance 8 4 | 5 wi 
K in ohms | ——_— - — - ——__—— Se ee et Se Beh SRE 2 8 FI 
pi Pe Ai f2 Ai 22 

1000 «= «|= 250 3-54 1-30 1-73 1-93 2-05 

2000 -| 1-95 | 29 | 0-97 | 1-87 2:00 | 1-96 

5000 | 1-68 2-56 0-88 1+30 1-91 1:97 


Mean = 1-95 





| Mean = 1-99 
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TABLE IV (d) 


Effect of ozoniser surface area (controlled by opaque screen) 


(Length of the electrode coil = L Constant) 


} 








Ai Without %Ai With Ratio of %Ai 
Resistance | Opaque screen opaque screen ” 
R in ohms eee Se 
py - Ai fe Ai Pa 
1000 2-50 3-54 1°75 2-45 1-43 1-44 
2006 1-95 2-69 1-37 1-90 1-42 1-42 
5000 1-68 2-56 1-18 1-75 1-42 1+46 


| Mean = 1-42 Mean = 1-44 





in current changes with change of electrode coil length and Table IV (6) 
shows how variation occurs in it as a result of the interposition of the opaque 
screen in front of the ozoniser walls. The readings are recorded for different 
values of the resistance R and for two different pressures of air, p, and p,, 
P2 being greater than p, (pressure being about 10mm. of mercury). 


(c) Effect of the Inclination of the Ozoniser Tube 


It occurred to us from the experiments performed under Section (bd) 
and the results obtained thereon to see whether the inclination of the tube 
to the incident beam will affect the current decrease. With the same set 
up of experimental arrangement as in Section (b) above, the ozoniser tube is 
rotated in a plane containing the direction of the incident light so as to make 
it co-axial with the cone of the incident beam. This happens when it makes 
an angle of 90° with the original vertical position. In this position it is 
end-on so that the portion now lying exposed to the incident light is the 
bottom cross-sectional area of the ozoniser tube. This area is practically 
negligible in comparison to the total surface area of the walls. Curiously 
enough it is found that the light-effect entirely vanishes in this case. Observa- 
tions are also taken for two intermediate positions of the tube between 0° 
and 90°. Some systematic variation is %Aji is noted. These values are 
given in Tables V (a) and V (8). 


Readings are repeated with the tube inclinations in a plane perpendi- 
cular to the direction of the incident light. The current decrease in this 
case remained constant and no variation in % Aji takes place. 
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TABLE V (a) 


Volume and surface effect 


Pressure of air = p, 























| Zl Ai) 4 % ( Ai) gl AL4)o 
Resistance ie S451 ee Af a) is piv q 
ia iaceaias | Vertical i | 3 
! ° og ° ° | ° 
| %(Ai)o |45° 7AL Vee 60 % (Ai) 60° | 45 | 60 
1000 2-50 2-00 -50 0-80 0-60 
2000 1-95 1-56 1-17 0-80 0-60 
5000 1-68 1-34 1-01 0-80 0-60 
Mean 0-80 Mean = 0-69 
TABLE V (5) 
Volume and surface effect 
Pressure of air = p, 
“A At) %( Ai) g/ZlA2)o 
Resistace 
R in obms "yy, err es rit aa Fur i. app: : 
Aido 45° %( A.)ase 60° % (A i)e0 45° 60° 
1000 3-54 2-84 2-10 0-80 0-59 
2000 2-69 2-18 1-66 0-81 0-62 
5000 2°56 2-00 1-50 0-78 0-59 


Mean = 0-80 Mean = 0°60 


4. PRECISION OF MEASUREMENTS 


It should be noted, particularly for the results obtained in the experi- 
ments with air in sections (b) and (c), that the percentage decrease of current 
is of small order. To see that this measure is not spurious the whole system 
is tested for steadiness and reproducibility and the decrease of current, 
though small, is found to be definite and consistent when observations are 
taken at different times. At the same time, the change in deflection is not 
allowed to reach below a certain limit (d@ being always greater than 4 mm.), 
so as to ensure an accuracy of not less than 12 to 13% in the measurement 
of current. 


In the case of experiments with chlorine in Section (a) on intensity and 
frequency effect, the accuracy in current measurement is much higher, i.e., 
not less than 6 to 7%. 
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5. CONCLUSIONS AND DISCUSSION 


From the experiments described and the results arrived at in this paper, 
it is evident that the diminution Aj in the ozoniser current is determined by: 


(1) the original current under dark illumination, 

(2) the pressure of chlorine or air in the ozoniser tube, 
(3) the resistance in the external measuring circuit, 

(4) the intensity and 

(5) the frequency of the incident light. 


The higher the values of the initial current i the greater is the magnitude 
of the change Aj for a given light flux. In fact it is by adjusting the original 
current that the change dé@ is brought within the limits of precision stated 
above. 


The effect of pressure is brought out by the constancy of the ratio in 
column 5 of Tables [, Il and III (4). It is evident from these that, other 
conditions remaining constant, an increase of pressure causes a correspond- 
ing increase in the magnitude of the light-effect. 


Coming to the influence of frequency and intensity of radiation on the 
current decrease, we note some very significant conclusions. The graphs of 
Figs. 4 and 5 make it very clear that the percentage decrease in i b2ars a 
straight line relation with the frequency and there is a characteristic fre- 
quency v, at which the light effect begins to be apparent on the discharge 
current, irrespective of all other factors, as the observed curves take their 
origin in this frequency vy. As regards the relation of current decrease with 
intensity, the nature of the graph connecting the two is well brought out in 
Figs. 2 and 3. It is significant that the validity of these relations is confirmed 
as is shown by Fig. 6, where experimental results with sodium light follow 
those expected on the basis of the recorded observations with other wave- 
length bands. The derivation of the characteristic frequency and the 
empirical relation connecting the current decrease with the several para- 

eters is proposed to be taken up after the discussion of the results of experi- 
ments of Sections (b) and (c). 


In Section (5), Tables IV (a) and IV (6) reveal some interesting features 
regarding the quantity of irradiation. As mentioned before, doubling of 
the electrode coil obviously exposes half the original column to the radiation. 
With this variation, the amount of the percentage decrease of current is seen 
to fall to nearly half the original value as evident from the average ratio 
entered in the last column of Table IV (a). Similar conclusions follow from 
the results of Table IV (b). According to the discharge column blocked by 
the movement of the opaque screen over it the light-effect changes by a 
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constant amount for a constant area of the screen (vide constancy of ratio 
in the last column of Table IV (b). In this case, the outer electrode coil of 
length L is stationary over the ozoniser. Thus we conclude that the greater 
the extent of the discharge column exposed to light the greater is the current 
decrease. We are not, however, certain whether it is merely the walls or 
the column of the gas alone detached from the walls that contribute to the 
light-effect, or whether there is a contribution due to both. 


Experiments performed in Section (c) and the results obtained from them 
and recorded in Tables V (a) and V(b) provide us with some information 
on these points. When the ozoniser position is 90° to the vertical prac- 
tically no surface of the wall is exposed perpendicular to the direction of 
light. But the entire volume of discharge column of air inside receives the 
illumination. Even so, no diminution of current is noticed, i.e., the light- 
effect practically vanishes showing thereby that only the wall surfaces standing 
perpendicular to the incident cone of light to be the contributory causes for 
the decrease in the discharge current. If we assume the light-effect (Aji)¢ 
for the intermediate position ¢ to be satisfied by the general relation 
(Ai)¢ = (Ai)p cos 4, where ¢ is the angle made by the given position of the 
ozoniser with the position of maximum light-effect, i.e., the vertical position 
and (Ai), the maximum light-effect, then we get the observed values at 45° 
and 60° roughly satisfied. In the case of 45° we get the calculated value of 
cos 6 to be 0-7; as against 0-80 experimental, while for 60° it is 0-50 against 
experimental 0-60. Looking at the average error of measurement, i.e., 
12 to 13% discussed in a previous paragraph, these departures are within 
reasonable limits. 


Thus the variation of light-effect with 4 in the intermediate positions 
may be interpreted as a surface effect, the effective surface according to the 
above reasoning being the component of the ozoniser wall in a plane per- 
pendicular to the direction of light. Also the absence of any variation in 
light-effect in a plane perpendicular to the direction of light supports the 
above assumption, for by the movement of the ozoniser in this plane we 
have, at any time, the total surface of the walls of the discharge perpendi- 
cular to the axis of the light cone. 


Lastly the light-effect seems to be influenced by the resistance in the 
external measuring circuit. The results of Tables IV and V suggest that the 
greater the resistance R the smaller is the light-effect, a fact confirmed by 
the earlier observations of Joshi. 


The above conclusions taken along with those of Section (6) lead us 
to suggest that the decrease of discharge current on irradiation is more a 
surface effect than.a volume one. It is thought that the nature and extent 
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of the surface and the nature of the gaseous medium inside play a great part 
in influencing it. It is necessary to have more quantitative data‘ of the 
above type on several gases, especially those which give intensive effect, and 
several types of discharge tube surface walls to see if our view is correct. 


Returning now to the form of the empirical relation that should follow 
from results of Section (a) and the graphs of Figs. 2 and 3 and of Figs. 4 and 
5 we see that it must involve the characteristic or threshold frequency »,, 
Graphical derivation gives the value of v, as 12467 + 50cm.! This corres- 
ponds to the mean wavelength 8021 A.U. Working out the observed Aj 
in terms of both intensity and frequency we get 

Ai= i. A. (1)?'®. (v— v9), where 
Ai= the change observed in the original current i. 
I intensity in lumens per sq. metre. 
v frequency of the incident light. 
vo = the characteristic threshold frequency for negative photo-effect 
A =a constant depending on the surfa e and on the pressure and 
nature of the gaseous medium. 


\ 


\ 


The linearity of the graphs has been verified by the method of least 
squares and the test of the above relation is obtained by reference to the 
following Table VI where values of the constant A for different readings of 
Tables I and III (a) have been calculated. The mean values of A are 
recorded below: 


At pressure P,, A= 179-4x 10-* 
- P,, A= 132-9x 10-8 


Except in one or two readings, the departures of A from the mean value are 
within the limits of experimental errors. Any large change from the mean 
value is to be attributed to random fluctuations beyond control. 


Hence, at least for the range of frequencies observed, we should expect 
the photoeffect in chlorine discharge to disappear in the region of wave- 
length 8021 A.U. (v =v,). This happens to coincide almost with the limit 
of visible red. In the region of wavelengths below this (v > vo) the negative 
photoeffect should predominate while. for wavelengths higher than this 
(v < v9), viz., for infra-red radiations, the equation predicts the conductivity 
of the discharge to increase (positive photo-effect). The truth of these 
predictions beyond the limits of wavelengths used in these experiments is 
a matter for further investigation. 


One fact which clearly emerges from these data is the association of 
the light-effect with the wall influences which is a confirmation of the con- 
clusions of Joshi and co-workers * and of Deb and Ghosh.*® 











TABLE VI 


Intensity, Frequency & Amount of Irradiation in Josht-E ffect 


Value of the constant A 




















light-effect. 


viZ., 


Ai= iA. (12. (v— vp) 





W, = imvr,y,?= h(v— vp) 





Value of A 
Frequency PP 
vycm. 1 ro a “Ty, are an To; 
For press sure P, For pressure P, 
173°7 x 1078 124-2 x 1078 
180-9, 131-1 " 
15294 1794, ese)... 
| Were! 130-8, 
17120)... 124-2 Ss, 
174-0 x 1078 137-1 x 1078 
185+] i a 
16880 187-2 139-8 ‘ 
175-8 —s,, 19953"... 
ee rt 198-9" ~,, 
| | a 
| 
| 174-9 x 107° | 140-1 x 1078 
179 +4 Bsc 140-1 4 
16970 1456, | 136-8, 
176-4, 198-7, 
wee 125-4, 
177-0 x 1078 134-1 x 10°8 
195-0, i, — 
17737 174-0, 136-8 f 
| 18594)... $8868... 
| 186-6 # 137°1 = 
| 169-0 x 1078 127-5 x 1078 
| mat 130-5, 
19877; -- | 185-1 a 137+] 2 
| 180-6 132-9, 
| 175-8, 125-7 i 
| 


Among the various explanations put forward by Joshi,’ Deb and 
Ghosh*:* and Prasad® and others, we are inclined to tentatively support 
the view that the effect may be due to some kind of recombination of ions as 
a result of collisions at the walls induced by the incident light. It is, however, 
difficult to assess the phenomenon clearly in the absence of a definite picture 
of the mechanism of ozoniser discharge, especially since such factors as 
the resistance in the external measuring circuit are found to influence the 


On comparing the present relation obtained from these experiments, 


with Einstein’s equation for photo-electric emission, viz., 
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and Richardson’s equation for thermionic emission, viz., 
i= AT?e 4'T 
one is tempted to inquire if the present phenomenon is not allied to the other 
two. 
6. SUMMARY 


An attempt is made to study quantitatively the variation of the decrease 
in the discharge current in the Joshi-effect, with the intensity, frequency 
and the amount of irradiation. The results obtained are represented 


graphically and an empirical relation is found which satisfies the experimental 
results fairly well. 


We take this opportunity to express our grateful thanks to Prof. S. S. 
Joshi, Principal, Science College, Benares Hindu University, for enlighten- 
ing us On some points in the experimental technique and to Mr. G. K. Mehta, 
Research Assistant, Spectroscopic Laboratories, Royal Institute of Science, 
Bombay, for many valuable suggestions. 
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ABSTRACT 


Some features of the quartz morphology such as the well-developed nature 
of the faces of the primary rhombo-hedron, their position to the left of 
electric axes in left quartz, and the plane and the nature of the cleavage in 
quartz have been explained on the basis of the crystal structure. 


1. INTRODUCTION 


Quartz shows a great development of form. Some of the salient 
features of the morphology of the crystal (Tutton) are the following :— 


(1) The chief development forms are the hexagonal prism faces ‘m’ 
and the faces of the primary direct and inverse rhombo-hedrons called ‘ r’ 
and ‘z’° faces respectively. 


2) The faces of the primary rhombo-hedron are found even in the 
smallest crystals and are much more developed than those of the inverse 
thombo-hedron in large specimens. 


(3) The faces of the primary rhombo-hedron occur in right quartz to 
the right and in left quartz to the left of.the electric axes. 


(4) The cleavage directions of quartz are parallel to the faces of the 
primary rhombo-hedron but the cleavage is a very imperfect one. 


It is evident that the chief development forms of the crystal must have 
small surface energies. As quartz is a covalent crystal having Si-O bonds, 
the surface energies of the various planes can be easily calculated by finding 
out the number of bonds per unit area which cross any given plane. In 
this way we have been able to explain the above features of the morphology 
of the crystal. 

2. THE STRUCTURE OF a-QUARTZ 


The projection of silicon and oxygen atoms in the basal plane is shown 
in Fig. 1. The unit cell is a prism of height ‘c’ whose base is the rhomb 
of area a* sin 60 where ‘a’ and ‘c’ are the axes of the crystal. The co- 
ordinates of the atoms in the unit cell (Wycoff) in terms of the four parameters 
u, X, y, z for left quartz are: 
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Silicons (1, 3, 5) in order->(u, 0, 0), (0, u, 4), (a, a, 4) 
Oxygens (7, 8, 9, 10, 11, 12) in order— (x, y, z). (y, x, 7+ %), (y, x— y, 2-9) 
(x, y— x, z+ 4), (y—x, x, 2-4), (x—y, y, 2. 
From the X-ray data of Gibbs: 
u= -460 a, x= -438 a, v= -287 a, z= -117 c. 


The co-ordinates in rectangular axes pertaining to Gibbs’ data have 
been given by one of us (Saksena, 1944). 


It is seen from Fig. | that the silicon atoms in the same plane form a 
hexagon with a silicon atom at the centre. If we imagine another silicon 
atom at a height * c” above the central atom and join this to the six corners 
of the hexagon we get the hexagonal pyramid whose faces are parallel to 
the rhombo-hedral * +’ and ‘ z’ faces of the crystal (see Fig. 2). The lines 
OA, OC, OE joining the central silicon atom ‘O’ to the corner atoms are 
the electric axes of the crystal while the plane O’AB where O’ is the vertex 


of the pyramid is the plane (1011) and O”AB where O” is below the hexagon 


at the same depth ‘c’ is (1011). These are the rhombo-hedral faces of the 
crystal, while the faces of the hexagonal prism on sides AB, BC, CD, etc., 


of the hexagon are the ‘mm’ faces (1010), etc. The rhomb OA BC is the 
base of the unit cell. The point P (Fig. 1) is the origin of the co-ordinates 
which have been given with respect to hexagonal axes (a, a, c) passing through 
P. The equation to the various planes can now be easily written down. 


3. CLEAVAGE ENERGY OF VARIOUS FACES 


We may now find the energy of cleavage of the various planes which 
is the energy required to rupture the bonds connecting the atoms situated 
on either side of the plane. The number of bonds cut per unit area thus 
gives a measure of the energy of cleavage (Harkins, 1942; Ramaseshan, 
1946). By finding whether the silicon and oxygen atoms in the unit cell 
are above or below the plane, i.e., on the same side or on the opposite side 
as the origin, the number of bonds which cut the plane can be counted. In 
case an atom lies on the plane, the plane is shifted away from or towards the 
origin and the number is counted in each case. The two may be equal or 
different and if different the lower value is taken to calculate the cleavage 
energy. The number of bonds cut per unit area is obtained by dividing 
this number by the area of the plane which must cover the whole base of 
the unit cell. The area of the hexagonal prism faces is a.c— 1-1 a?, while 


the basal plane ABCO is the projection of the rhombo-hedral plane (1011) 
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or (1011). The area of the basal plane is a? sin 60° and the cosine of the 
angle between the basal and rhombo-hedral plane is 1/1-1 x (2-16)#. Hence 
the area of the rhombo-hedral plane is 1-1 x (2-16)! a?x sin 60= 1-4 a?. 
In Table | we calculate the number of bonds cut per unit area by various 
planes. Column (2) gives the equation of the plane in rectangular co-ordi- 
nates with the horizontal electric axis as the X-axis and the optic axis as the 
Z-axis. Column (3) gives the location of the silicon atoms with respect to 
the plane (Fig. 1). 











& e @ Silicons at levels 0, > ee 


2c 4c 5c Tc 8c 


c 
G00O0860 Oxygens at levels 9° O° O' O° O° 5 


Fic. 1. Projection of the silicon and Oxygen atoms on the basal plane 
The calculations in Table I are on the data of Gibbs. But the results 
aré not modified materially from those given here if we use the parameters 


u, xX, y,Z given by Wei (1936), Machatschki (1937), or Brill, Hermann and 
Peters (1942), 
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TABLE | 


Calculation of cleavage energy for various faces in left quartz 
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We thus see that the rhombo-hedral face (1011) called ‘r’ has the 


smallest cleavage energy while the face of the inverse rhombo-hedron (1011) 
called ‘z’ has the largest energy. We note also that ‘r’ and ‘ m’ planes 
have almost the same energy of cleavage and so these are the principal deve- 
lopment forms of quartz. The energy of cleavage of ‘z’ planes is much 
larger than those of the ‘r” planes and so their degree of development may 
be expected to be very different. Our calculation further shows that a very 
considerable difference in the cleavage energies exists at two points in the 
rhombo-hedral ‘r’ plane so much so that the cleavage energy in one posi- 
tion is only one-seventh of that at the other. We thus get a cleavage in the 
‘r’ face which, for a given unit cell, is defined on one side only; for if the 
cleavage starts in the region of lower energy no deviation to the side of higher 
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energy is possible. If however the cleavage is defined on the other side also, 
ie., if the position of minimum energy is surrounded on either side by 
regions where the energy of cleavage is much higher, then the cleavage would 
be perfect, i.e., it would proceed in a true geometric plane. Such is 
the case for octa-hedral cleavage of diamond where Ramaseshan 
has shown that in a given unit cell the region of the minimum cleavage 
energy is surrounded on either side by regions of higher energy. This condi- 
tion does not operate in the case of quartz, for the rhombo-hedral ‘ r’ plane 
divides the unit cell into two regions one of higher and the other of lower 
energy and so the cleavage is imperfect, i.e., does not proceed in a true geo- 
metric plane. Further as such large differences do not occur in the ‘m’ 
or ‘z’ planes, a cleavage would be very difficult to observe in these planes. 


On account of the symmetry of the crystal the plane (1101) is equiva- 


‘ 


lent to (1011), i.e., is also an ‘r’ plane. From Fig. 2 it is evident that the 














Fig. 2. The Hexagonal pyramid 
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plane (1101), i.e., the *’ face lies to the left of the electric axis OA, the axis 
to point towards the observer. This is also true for the electric axes OB 
and OC. Thus the plane of minimum energy , /.e., well-developed rhombo- 
hedral plane lies to the left of the electric axis in left quartz. 


4. AN ALTERNATIVE PROCEDURE 


From Fig. 1 we notice that the atomic planes containing two silicon 
and one oxygen atoms lie on either side of the rhombo-hedral and hexagonal 
prism faces and are equally inclined to them. Thus the atomic planes like 
(271) lie on one side of these faces while those like (1 10, A) lie on the other 
side and make the same angle. It is found that, with Gibb’s co-ordinates, 


the rhombo-hedral faces like (1011) make an angle of 17°-6’, the hexagonal 
prism faces like (1010) an angle of 50°—5S’ and the faces of the inverse rhombo- 


hedran like (1011) an angle of 70°-59’ with the corresponding atomic planes 
(such as 271). Thus the planes making the smallest angle with the atomic 
planes are those rhombo-hedral planes which lie to the left of the electric 
axes. 


The faces which make the smallest angles with the atomic planes on 
either side of them may be considered to possess the smallest energy of 
formation, or smallest surface energy. The explanation is as follows: The 
atomic planes in quartz carry the Si-O bonds which, since quartz is a co- 
valent crystal, have a large value of the force constant ‘k’. Let the normal 
to a given plane be inclined at an angle @ to any Si-O bond. When a crystal 
grows a thickness 5x is added in a direction normal to the plane, and the 
work done for this displacement is $k cos 6 5x*. The energy of formation 
of the plane will therefore be smallest when #@= 90°, i.e.. when the plane 
contains the bond; and will be largest when the bond is normal to the plane. 
If a given plane has atomic planes on either side, the position of minimum 
energy will be the one when the given plane is equally inclined to the atomic 
planes, and the energy of formation will be smaller, the smaller the angle 
which the given plane makes with the atomic planes. We thus see that the 


rhombo-hedral faces like (1011) which lie to the left of electric axes in left 
quartz will have smaller energy of formation than the prism faces such as 


(1010) or the faces of inverse rhombo-hedran such as (1011). Therefore the 


faces (1011) will be the first to be formed and will be well developed. They 
are called the rhombo-hedral ‘r’ faces. For the same reason the energy 
of formation of ‘m’ faces will be the smaller than that of the faces of 
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inverse rhombo-hedran (1011). These results are in agreement with those 
obtained in Section 3. 
5. SUMMARY 


Some features of the morphology of the crystal have been explained 
on the basis of the structure. The cleavage energies of the rhombo-hedral 
and hexagonal prism faces have been obtained by finding the number of 
bonds per unit area which cross these faces and connect the silicon and 
oxygen atoms situated on either side of these faces. It is seen that the 
primary rhombo-hedron in quartz which lies to the left of electric axis in 
left quartz has the smallest energy and is therefore first to be formed and 
is well developed. Further the cleavage also occurs on this plane because 
a large change of energy occurs in passing from the positions of minimum 
to that of maximum energy, but the cleavage is not perfect as the position 
of minimum energy is not bounded by positions of maximum energy on 
either side. 
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LEHMANN! first observed that 4-(or p)-aminosalicylic acid (I) had an inhi- 
bitory action on tubercle bacilli in vitro, and other workers? have confirmed 
and extended his observation to experimental tuberculosis. Clinical trials 
also appear to have given promising results. It has been reported? that 
4-aminosalicylic acid even prevents the growth of tubercle bacilli made 
resistant to streptomycin. It may be stated in this connection that 5-amino- 
salicylic acid has sometimes been referred to in the literature* as p-amino- 
salicylic acid which has incidentally been shown to be ineffective in tuber- 
culosis.!. In view of the possible. chemotherapeutic value of 4-aminosalicylic 
acid, available methods for its preparation have been examined, and a con- 
venient procedure is now described, starting from the commercially available 
4-nitro-o-toluidine (Fast Scarlet G Base; II), which is prepared‘ by nitra- 
tion of o-toluidine. 


Seidel and Bittner’ obtained 4-aminosalicylic acid by reduction of 4- 
nitrosalicylic acid with tin and hydrochloric acid. Reduction of this nitro- 
acid in almost quantitative yield by means of sodium sulphide has been 
recorded by Popov,® and later by Kartzer? who employed hydrogen under 
pressure and nickel as catalyst; the melting points of their products 
have not been mentioned. The observation that 4-aminosalicylic acid has 
valuable properties as an antitubercular agent has led several workers to 
attempt its synthesis by newer and better methods. Martin, ef a/.* and 
Sheehan’ independently found that m-aminophenol and ammonium carbo- 
nate when heated at 110° under pressure for twelve hours give 4-amino- 
salicylic acid, and not 4-hydroxyanthranilic acid as tentatively assumed” 
in a patent claim."* Martin, et al.* have prepared the acid by “ direct 
carboxylation of m-aminophenol using modified Kolbe conditions”, but 
further details and yield have not been mentioned. According to Sheehan’ 
the yield of 4-aminosalicylic acid is about 25 per cent., half of the 
aminopheno! remaining unconverted. It appeared to us that the prepa- 
ration of 4-aminosalicylic acid from the corresponding nitrocompound 
offers some advantages, of which one is the readier accessibility of certain 
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derivatives of 4-aminosalicylic acid. The recorded methods’? for the 
synthesis of 4-nitrosalicylic acid (III) lack preparative value, and the acid 
has now been prepared in excellent yield, from 4-nitro-o-toluidine. 
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4-Nitro-o-toluidine (Il) was acetylated, and the amide (IV) oxidised 
with potassium permanganate solution under neutral conditions to the 
carboxylic acid (V) in 80 per cent yield. Oxidation of (IV) with alkaline 
potassium permanganate has been reported by Wheeler and Barnes,’* but 
the yield has not been mentioned. The acid (V) was deacetylated by boiling 
with hydrochloric acid. The anthranilic acid (VI) was diazotised and the 
diazonium salt decomposed to produce 4-nitrosalicylic acid, m.p. 235°. 
Seidel and Bittner® have obtained this acid (III) from (VI) by the same method 
and recorded its m.p. as 235°, while Ullmann and Wagner" who have pre- 
pared it from 2-chloro-4-nitrobenzoic acid quote the m.p. 226° (darkens 
220°). 4-Nitrosalicylic acid was reduced with hydrogen in presence of Raney 
nickel at forty pounds pressure to 4-aminosalicylic acid in ninety-five per 
cent yield. |The crystallised acid melted at 133° with decomposition. We 
have fourd that the rate of heating is important, and by raising the tempe- 
rature rapid y, melting points as high as 148-49° can be observed. Vary- 
ing melting points have been recorded for the acid by different workers: 
Seidel and Bittner,® 220°; Sheehan.’ 146-7°; Rosdahl,’ 130°; while Martin, 
et al.8 have made no reference to the melting point of 4-aminosalicylic acid 
obtained by them. As suggested by Sheehan,® Seidel and Bittner’ have 
probably mistaken the hydrochloride for its base. O’Connor! quotes the 
m.p. 150-1° (decomp.); Whittet'’? has obtained a sample decomposing at 
137°, but not finally melting until 150°, as well asa sample melting at 139-41° 
(decomp.); McAnally and Seymour’® suggest that the m.p. is variable from 
140° to 150-1° on account of decarboxylation to m-aminophenol. 


Diazotised 4-aminosalicylic acid has been coupled with 8-naphthol 
and hexylresorcinol to yield the corresponding monoazo dyes, the dye in 
the second case being formulated as 4-n-hexyl-6-(3’-hydroxy-4’-carboxy) 
benzeneazoresorcinol. 
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3: 3’-Dihydroxyazobenzene-4: 4’-dicarboxylic acid (VII) has been pre- 
pared by reduction of 4-nitrosalicylic acid with glucose or zinc dust in 
alkaline solution. The azosalicylic acid (VII) is of interest on account of its 


Ho Np xe” Non 


noocl } Loon 


(VII) 


reducibility in vivo to two molecules of 4-aminosalicylic acid; of further 
interest from this point of view is the O-diacetyl derivative of (VII). 


Salts of sulphanilamides and sulphonic acids have been found to 
be more active in vitro than the parent sulpha drugs.'® Salts of 4-amino- 
salicylic acid with naphthalene-f-sulphonic acid and with a wetting agent, 
sodium dibutylnaphthalene sulphonate, have now been prepared. 


The synthesis of other derivatives of 4-aminosalicylic acid and the 
azosalicylic acid (VII), and an examination of their properties as anti- 
bacterial agents, are in progress. 


EXPERIMENTAL 


4-Nitro-o-toluidine, obtained as the commercial Fast Scarlet G Base 
(m.p. 99-100°; the pure substance melts at 104—-5°) was used without puri- 
fication as the starting material. 


4-Nitro-N-acetylanthranilic acid (V) 


To a suspension of 4-nitro-acet-o-toluidide (25 g.) in boiling water 
(300 c.c.) containing magnesium sulphate (90 g.), under mechanical agita- 
tion, was added potassium permanganate solution (4%; 1600 c.c.) in small 
quantities during one hour. Boiling was continued for 15 minutes, the 
reaction mixture filtered hot, and the precipitate washed with hot water. 
The filtrate and washings were acidified with hydrochloric acid when (V) 
separated in crystalline form (23 g.; 80% yield). Recrystallised from water, 
the very pale yellow needles had m.p. 215° (Wheeler and Barnes,'* 215°; 
Ullmann and Uzbachian,'* 221°). 


4-Nitro-anthranilic acid (VI) 


Hydrolysis of (V) (25 g.) was effected by means of boiling hydrochloric 
acid (20%; 250c.c.) during 30 minutes. The reaction liquid was cooled, 
basified with 30% ammonia in order to decompose the hydrochloride of 
the base and the solution was then filtered. The filtrate on acidification 
with glacial acetic acid yielded nitro-anthranilic acid (20 g.). The orange 
red needles from alcohol melted at 266-5° (Wheeler and Barnes,!* 264°; 
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Ullmann and Uzbachian,!? 269-5°) (Found: N, 15-6. C,H,O,N, requires 
N, 15-4%). 


4-Nitrosalicylic acid (IIT) 


4-Nitroanthranilic acid (20 g.) was suspended in 50% sulphuric acid 
(50.c.c.) and diazotised at 0° C. with sodium nitrite solution (15 g. in 20c.c. 
water). The solution was poured in a thin stream into 80% boiling sulphuric 
acid (500 c.c.) and boiling continued (5-10 mins.) until decomposition of 
the diazonium salt was complete. On cooling (III) separated in crystalline 
form (17-5 g.; 87% yield). It crystallised from water in pale yellow needles, 
m.p. 235° (darkens at 220°) (Ullmann and Wagner," 226°, darkens at 220°); 
(Seidel and Bittner,®> 235°) (Found: N, 7-8. C,H;O;N requires N, 7-7%). 
It gives a brownish-red colouration with ferric chloride. 


Acetate of (III).—Was formed by treating (II]) with acetyl chloride and 
a drop of pyridine. Crystallised from benzene, m.p. 144:5° (Found: N, 
6:2. C,H;O,N requires N, 6-2%). 


4-Aminosalicylic Acid (1) 


To a solution of 4-nitrosalicylic acid (10 g.) in sodium bicarbonate solu- 
tion (125%; 40c.c.) was added a suspension of Raney nickel (about | g. 
in 10 c.c. alcohol), and the mixture shaken in a bottle with hydrogen under 
40 lbs. pressure for 4 hours. On filtering, removing alcohol from the filtrate 
and making acid (pH 3) with hydrochloric acid, 4-aminosalicylic acid 
separated in crystalline form (7 g.). Further acidification of the mother- 
liquor precipitated the hydrochloride of (1) (1 g.). The total yield from the 
reaction calculated as 4-aminosalicyclic acid amounts to 95% of the theo- 
retical. 4-Aminosalicylic acid crystallised from alcohol in brown needles, 
m.p. 133° (decomp.); (Seidel and Bittner,’ 220°; Sheehan,’ 146-7°; 
Rosdahl,* 130°) (Found: N, 9-1. C,;H,O,N requires N, 9-2%). It gives 
a reddish-brown colouration with alcoholic ferric chloride. 

The hydrochloride crystallised from water containing a little hydro- 
chloric acid in shining colourless plates, m.p. 219-5° (Sheehan,® 223°) (Found: 
N, 7:1. Cj,H,O,NCI requires N, 7:3%). Longer boiling during crystallisa- 
tion causes decarboxylation. | 


3'-Hydroxy-4'-carboxybenzeneazo-2-naphthol 


The dye obtained by coupling diazotised 4-aminosalicylic acid with 
B-naphthol in the usual manner crystallised from 50% alcohol in curved 
red needles, m.p. 259° (decomp.) (Found: N, 9-1. C,,H,,0,N2 requires 
N, 9*1%). 


As 
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4-n- Hexyl-6-(3'-hydroxy-4'-carboxy) benzeneazoresorcinol 


The dye obtained by adding diazotised 4-aminosalicylic acid (1 mol.) to 
a solution of 4-n-hexylresorcinol (1 mol.) dissolved in 50% alcohol to which 
sodium acetate had been added in excess, crystallised from glacial acetic 
acid in red needles, m.p. 194° (decomp.) (Found: N, 7-8. C,,H,,0;N, 
requires N, 7-9%). ; 


3: 3’-Dihvdroxyvazobenzene-4 : 4'-dicarboxylic acid (VII) 


Method (1).—4-Nitrosalicylic acid (15 g.) in 22% caustic soda solution 
(225 c.c.) was warmed to 50°, and a solution of glucose (100 g.) in water 
(150 c.c.) was slowly added during one hour. The reaction mixture was 
then warmed on the steam-bath for 15 minutes, when the solution which 
was reddish-brown in colour turned to deep brown. On cooling, air was 
bubbled through the solution for about 4 hours for oxidation of the hydrazo- 
compound and the solution then acidified with hydrochloric acid. The 
precipitated acid was collected and dissolved in the minimum amount of 10% 
sodium carbonate solution (about 150 c.c.) by warming. On cooling, the 
disodium salt of the acid (VII) separated (6g.). It crystallised from water 
in orange needles (Found: N, 8:0. C,,HsO,N.Na,. requires N, 8-1°%). 


Method (2).—To a mixture of 4-nitrosalicylic acid (7-2 g.), sodium 
hydroxide (7-2 g.), water (20c.c.) and methanol (35c.c.), zine dust (6 g.) 
was added, and the mixture was refluxed on the water-bath for 10 hours. 
It was then cooled to 60° and filtered hot. The residue of sodium zincate 
was washed on the filter with a little hot methanol. The methanol was 
distilled off from the filtrate and washings, and the aqueous solution acidified 
with hydrochloric acid. The acid which separated was filtered, washed, 
dried and dissolved in hot 25% sodium carbonate solution (50c.c.). On 
cooling, the disodium salt of the acid (VII) separated (6-1 g.; 89% yield). 


Acidification of the disodium salt gave the free acid which crystallised 
from nitrobenzene in needles, which did not melt below 325°. The sub- 
stance gives a red colouration with concentrated sulphuric acid and the 
alcoholic solution gives a dark violet colour with ferric chloride (Found: 
N, 9°2. CygHywOsgN. requires N, 9°3%). 


The acetate of (VII), prepared by heating (VII) (1 g.), pyridine (3 drops) 
and acetyl chloride (4c.c.) for 15 minutes on the water-bath, crystallised 
from alcohol in needles, which did not melt below 325° (Found: N, 7:3. 
C,sH,,OgN, requires N, 7°2%). 
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Salt of 4-aminosalicylic acid hydrochloride with sodium naphthalene-B-sulpho- 
nate 

Boiling aqueous solutions of 4-aminosalicylic acid hydrochloride (0: 5g. 
in 7c.c. water) and sodium naphthalene-f-sulphonate (0-65 g. in 6c.c. 
water) were mixed together, boiled further for 2-3 minutes and allowed to 
cool. A crystalline salt separated, which was crystallised from water 
acidulated with hydrochloric acid. The chocolate coloured crystals melted 
at 252°. (Found: N, 4:5. C,,H,;O,SN requires N, 4:0%). 


Salt of 4-aminosalicylic acid hydrochloride and sodium dibutylnaphthalene 
sulphonate 


The salt was prepared as described in the previous experiment by mixing 
the equimolecular aqueous solutions at the boil. It separated from water 
as a powder, m.p. 238° (Found: N, 2-8. C,;H3,,0,NS requires N, 3-0%). 


SUMMARY 


Starting from 4-nitro-o-toluidine, a commercially available dyestuff 
intermediate, 4-aminosalicylic acid has been prepared in an overall yield 
of 60 per cent. New derivatives of the acid are described. 3: 3’-Dihydroxy- 
azobenzene-4: 4’-dicarboxylic acid has been obtained from 4-nitrosalicylic 
acid, an intermediate in the synthesis of 4-aminosalicylic acid. This azo 
salicylic acid and its O-acetyl derivative are of interest on account of their in 
vivo reducibility to 4-aminosalicylic acid and 4-aminoaspirin. 
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AMONG the methods which have been described for the synthesis of partially 
methylated hydroxyflavonols with a free hydroxyl in the 3-position, two con- 
venient procedures are the preferential demethylation of the 3-methoxyl 
group by means of aluminium chloride! or hydrobromic acid? and the oxida- 
tion of o’-hydroxychalkones with alkaline hydrogen peroxide.* Since there 
are several naturally occurring flavonols (e.g., rhamnazin, rhamnocitrin) 
in which a hydroxyl group in the 2-phenyl ring is unmethylated, we have 
examined the utility of Algar and Flynn’s method® for their synthesis. It 
has been found that in the oxidation of o’-hydroxychalkones to flavonols 
by alkaline hydrogen peroxide a free hydroxyl group in the 4-position does 
not interfere. Thus, the oxidation of 2-hydroxy-4-methoxyphenyl 4-hydroxy- 
styryl ketone (I), prepared by the condensation of resacetophenone 4-methyl 
ether and p-hydroxybenzaldehyde, readily yields 3: 4’-dihydroxy-7-methoxy- 
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(I) (II) 











flavone (Il) in one step. The isomeric 4’-ether has been prepared by Heap 
and Robinson,* and the 3-ether (pale yellow needles, m.p. 289°) by Gulatis 
who used the Robinson reaction between w-methoxyresacetophenone and 
p-benzyloxybenzoic anhydride, followed by debenzylation. 


Condensation of phloracetophenone-4: 6-dimethyl ether with vanillin 
gave the chalkone (III), which on oxidation with alkaline hydrogen peroxide 
yielded the flavonol (IV), the 5-methyl ether of rhamnazin (V). Rhamnazin 
(V) was then obtained by the action of aluminium chloride in nitrobenzene 
on ([V) at about 100°. Kuhn, Low and Trischmann have synthesized 
thamnazin by a much longer procedure, involving the condensation of 
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2: 6-dihydroxy-4-methoxyphenyl benzoyloxymethyl ketone with 3-methoxy- 
4-benzoyloxybenzoic anhydride.® 

The formation of the flavonol (IV) from the chalkone (III) is note- 
worthy in view of the observation of Geissman and Fukushima’ that the 
oxidation of the chalkone (VI) gave as the predominant product the benzal- 
coumaranone (VII), the corresponding flavonol being formed only in very 
small amount. They have shown that this change in the course of the Algar- 
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Flynn reaction is the effect of the 6’-methoxy group in (VI); oxidation of 
analogous chalkones, prepared by the condensation of phloracetophenone 
dimethyl ether: with benzaldehyde, veratraldehyde and. piperonal, led in 
every case to the benzalcoumaranone, together with a trace of the flavonol 
only in the case of the-veratraldehyde derivative. When the chalkone is 
the benzal,-anisal, veratral or-piperonal derivative of 2-hydroxy-, 2-hydroxy-' 
4-methoxy-, 2-hydroxy-3:4-dimethoxy-, or 2-hydroxy-3: 4:.5-trimethoxy- 
acetophenone, the flavonol is obtained and not the benzalcoumaranone.* *:* © 


Reichel and Steudel'! have outlined a mechanism of the oxidation of: 
2'-hydroxychalkone to flavonol which involves the addition of hydro- 
peroxide ion to the chalkone ion, rearrangement of the adduct to the glycol 
(VIIL), the displacement of the 8-hydroxyl as.a hydroxyl ion and cycliza- 
tion to 3-hydroxyflavanone (EX). by an attack of the anionic oxygen on the- 
8-carbon atom, and finally the oxidation of (EX) to.-flavonol. Murakami 
and Irie? have demonstrated the formation of (IX) from 2’-hydroxy- 
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chalkone under mild conditions of treatment with alkaline hydrogen per- 
oxide. We believe that a 4-hydroxyl group in a chalkone, as in (III), is a 
favourable factor for the reaction leading to the formation of the 3-hydroxy- 
flavanone and therefore the flavonol. Taking 2’: 4-dihydroxychalkone as 
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the simplest example, the repulsion of the 8-hydroxyl in the glycol (X) as a 
hydroxyl ion is facilitated by the resonance of the phenolate ion as indicated 
in (XI). Cyclization of (XI) to the anion (XIII) of 3: 4’-dihydroxyflavanone, 
through the resonance structure (XII), is then readily understood. 


The influence of a substituent in the 6’-position of a chalkone, as in 
(VI), in favouring the formation of a benzalcoumaranone (e.g., VII) has 
been explained by Geissman and Fukushima’ by a mechanism in which the 
oxide (XIV) is assumed to be the first stage, whether the end product is a 
flavonol or a benzalcoumaranone, although numerous attempts made by 
them as well as by earlier workers to prepare the oxides of o’-hydroxycha!- 
kones have béen unsuccessful. They regard (XV) as the next stage when 
the final product is a flavonol. In the case of a chalkone with a hydroxyl 
group in the 4-position, the conversion of the oxide (XVI) to (XVIII) will 
be facilitated by the resonance of the phenolate ion attd the opening of the 
oxide ring as in the structure (XVII). 


The mechanism suggested by Reichel and Steudel i in which the glyca) 
(VIII) is a stage in the formation of the flavonol is adequate for explaining 
the formation of the benzalcoumaranones when the 6’-position is occupied 
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by a methoxyl or other group (R) as a result of which there is a steric inhi- 
bition of the resonance involving the anion’c oxygen and the o-carbonyl 
group in the ion (VIII). 
rh coh 
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Resonance of the carbonyl group indicated in structure (XIX) will result in 
the repulsion of a proton by the a-carbon atom. Cyclization to (XX) will 
then follow by an attack of the anionic oxygen of the phenol on the a-carbon 
atom with the displacement of a hydroxyl ion, and (XX) will finally be trans- 
formed into the stable benzalcoumaranone (XXI) with the further displace- 
ment of a hydroxyl ion, 
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EXPERIMENTAL 
2-Hydroxy-4-methoxyphenyl 4-hydroxystyryl ketone (I) 


The 4-methyl ether of resacetophenone was prepared by methylation of 
resacetophenone in acetone solution with dimethyl sulphate (1 mol.) in 
presence of anhydrous potassium carbonate. To a solution of resaceto- 
phenone monomethyl ether (1-1 g.) in alcohol (10c.c.) and potassium 
hydroxide (2 c.c., 50%), 0-9 g. of p-hydroxybenzaldehyde was added, the 
mixture refluxed on the water-bath for one hour and left overnight. The 
deep red solution was poured into crushed ice and acidified, the yellow 
precipitate that separated was filtered and crystallized from aqueous alcghol 
in orange yellow needles (0-7 g.), m.p. 162-63° (Found: C, 71-3; H, $:2. 
CisH,4O, requires C, 71-1; H, 5-1%). 

3: 4'-Dihydroxy-7-methoxyflavone (II) 


To a cooled solution of the chalkone (1) (0-5 g.) in aqueous sodium 
hydroxide (25 c.c., 2%), hydrogen peroxide (1-3 c.c., 30%) was added, and 
the solution left in the refrigerator overnight. The deep yellowish orange 
solution was acidified with acetic acid, and the yellow precipitate filtered; 
it crystallized from alcohol in yellow, spindle-shaped rods, m.p. 262-63° 
(Found: C, 67-9; H, 4:4. C,gH,.O; requires C, 67-6; H, 4-2%). The 
substance gives a dark brown colour with ferric chloride, and a yellow solu- 
tion with a bright green fluorescence in concentrated sulphuric acid. The 
diacetate, prepared by heating with acetic anhydride and pyridine, crystal- 
lized from alcohol in long, flat, colourless plates, m.p. 203-204° (Found: 
C, 65-6; H, 4-6. Cy,H,,O,; requires C, 65-2; H, 4°3%). 


2-Hydroxy-4: 6-dimethoxyphenyl 4-hydroxy-3-methoxystyryl ketone (II) 


Phloracetophenone-4: 6-dimethylether (2g.), vanillin (2g.), alcohol 
(20 c.c.) and 50% aqueous potassium hydroxide (10 c.c.) were refluxed for 
one hour on the water-bath, and then left overnight at room temperature. 
The mixture was again refluxed for one hour, cooled and acidified with 
hydrochloric acid. The yellow precipitate crystallized from alcohol in 
orange-yellow needles (1-2 g.), m.p. 179-80° (Found: C, 65-9; H, 5:4. 
C,.H,,O, requires C, 65-5; H, 5-4%). The substance gives a brown colour 
with ferric chloride added to its alcoholic solution: a pale reddish brown 
solution with concentrated sulphuric acid; and an orange yellow solytion 
with aqueous sodium hydroxide. 


3: 4'-Dihydroxy-5 : 7: 3’-trimethoxyflavone (IV) 


The chalkone (III) (1-0 g.) was dissolved in 20% aqueous sodium | 
hydroxide (20c.c.) and water (50c.c.), and cooled to 0°. Hydrogen per- 
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oxide (2:5 c.c. of 30% solution) was added to the orange red solution and 
the mixture left overnight in the refrigerator when it became orange in colour. 
On acidification with hydrochloric acid the yellow precipitate was collected 
and crystallized from alcohol. The narrow, rectangular yellow plates 
(0-3 g.) had m.p. 242-43° (Found: C, 62:4; H, 4:2. CysH,.0, requires 
C, 62:8; H, 4-7%). The substance gives a brown colour with alcoholic 
ferric chloride; a yellow solution with a bright bluish green fluorescence 
in concentrated sulphuric acid; and a yellow solution in aqueous sodium 
hydroxide. The acety/ derivative, prepared in the usual manner, crystallized 
from alcohol in colourless needles, m.p. 198-200° (Found: C, 61-5; H, 
4:6. C.sH,,O, requires C, 61-5; H, 4-9%). On methylating the flavonol 
(IV) with excess of dimethyl sulphate in boiling acetone in the presence of 
anhydrous potassium carbonate, the pentamethyl ether of quercetin was 
obtained. It melted at 146° and the m.p. was undepressed when mixed 
with an authentic sample of quercetin pentamethyl ether obtained from 
quercetin. 


Rhamnazin (V) 


The 5-methyl ether (IV) (0-1 g.) was dissolved in nitrobenzene (2 c.c,) 
and anhydrous aluminium chloride (0-2 g.) in nitrobenzene (2 c.c.) added. 
The mixture was heated on a boiling water-bath for one hour, the reaction 
product cooled and treated with petroleum ether (40-60°). The brown 
precipitate was filtered, washed twice. with petroleum ether and dried. It 
was then added to dilute hydrochloric acid and heated for an hour on the 
water-bath. The yellow precipitate was washed with water and crystal- 
lized from glacial acetic acid. The stout yellow needles (0-06 g.) had m.p. 
214-15°, and agreed in all its properties with rhamnazin’ 1% (Found: C, 
61:9; H, 4-5. C,,H,,0O, requires C, 61:8; H, 4:2%). 


SUMMARY 


The Algar-Flynn oxidation of o’-hydroxychalkones to flavonols by 
means of alkaline hydrogen peroxide is applicable to chalkones with a 
hydroxyl group in the 4-position, irrespective of the presence of a methoxyl 
group in the 6’-position. Rhamnazin 5-methyl ether, and rhamnazin by 
partial demethylation with aluminium chloride, have thus been synthesized. 
Geissman and Fukushima have shown that 2’-hydroxy-6’-methoxy- 
chalkones give benzalcoumaranones, the flavonols not being formed or 


only as minor products. The influence of the 4-hydroxyl group on the 
course of the reaction is discussed. 


We wish to thank the Trustees of the Sir Dorab Tata Trust for a Fellow- 
ship awarded to: one of us (N.A.). 
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